Geology and mineralization of the West Butte intrusive complex Sweet Grass Hills northern-central Montana by Carlson, Jon C.
University of Montana 
ScholarWorks at University of Montana 
Graduate Student Theses, Dissertations, & 
Professional Papers Graduate School 
1999 
Geology and mineralization of the West Butte intrusive complex 
Sweet Grass Hills northern-central Montana 
Jon C. Carlson 
The University of Montana 
Follow this and additional works at: https://scholarworks.umt.edu/etd 
Let us know how access to this document benefits you. 
Recommended Citation 
Carlson, Jon C., "Geology and mineralization of the West Butte intrusive complex Sweet Grass Hills 
northern-central Montana" (1999). Graduate Student Theses, Dissertations, & Professional Papers. 7121. 
https://scholarworks.umt.edu/etd/7121 
This Thesis is brought to you for free and open access by the Graduate School at ScholarWorks at University of 
Montana. It has been accepted for inclusion in Graduate Student Theses, Dissertations, & Professional Papers by an 
authorized administrator of ScholarWorks at University of Montana. For more information, please contact 
scholarworks@mso.umt.edu. 
i
I
Maureen and Mike
MANSFIELD LIBRARY
The University o f I V ^ O N T A N A
Permission is granted by the author to reproduce this material in its entirety, 
provided that this material is used for scholarly purposes and is properly cited in 
published works and reports.
* *  Please check "Yes" or "No" and provide signature * *
Yes, I  grant permission 
No, I  do not grant permission
y
Author's Signature
Date
Any copying for commercial purposes or financial gain may be undertaken only with 
the author's explicit consent.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Geology and Mineralization of the West Butte 
Intrusive Complex, Sweet Grass Hills, 
Northern-Central Montana
by
Jon C. Carlson 
February 1999
A thesis presented to the Geology Department of the University of Montana in 
partial fulfillment of the requirements of a Master's degree in geology
^Approved by:
Chairperson
Dean, Graduate School
3 -  15 -
Date
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
UMI Number: EP37922
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
UMT
Dissertation
UMI EP37922
Published by ProQuest LLC (2013). Copyright in the Dissertation held by the Author.
Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against 
unauthorized copying under Title 17, United States Code
ProQuesf
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106 - 1346
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Carlson, Jon 0., M.S., May 1999 Geology
Geology and Mineralization of the West Butte Intrusive Complex, Sweet Grass 
Hills, Northern-Central Montana (179 pp.)
Thesis Advisor: Ian Lange^^^-^^)
West Butte, the western-most of the Sweetgrass Hills, located in North- 
Central Montana, is composed of a cluster of laccolithic domes, emplaced 53.6 
million years ago. The laccoliths intruded the Cretaceous age Marias River and 
Telegraph Peak Formations at a depth approximately 1200 m below the paleo- 
surface.
The intrusives are composed of equlgranular trachyandesite and lesser 
amounts of porphyritic trachyte. Rarer igneous rocks include phonolite and 
tephrite. Petrographical analyses indicate that the trachyandesite. trachyte and 
tephrite could not have differentiated from a common parent, rather they 
originated from three different magma sources. Further analyses suggest the 
phonolite formed from the concentration of volatiles exsolved from the trachyte.
The central portions of the igneous complex contains large areas of breccia, 
interpreted to be breccia pipes that formed in response to venting and 
subsequent collapse of one or several magma chambers. Propylitic alteration is 
common throughout the igneous units with weak to strong argillic alteration 
associated primarily with the breccia units.
The strongest anomalous concentrations of base metals and gold occur within 
the breccias and occur in parallel linear bands trending northeast. Similar, but 
weaker lineaments trend northwest and north-south. The mineralized 
lineaments coincide with the dominant, incised drainage patterns which radiate 
from the central highlands. It is postulated that the same structures that 
controlled the emplacement of the laccoliths, also controlled the distribution of 
metals, along pre-existing major fractures and subsequently, the location and 
trend of the modern drainages.
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introduction
The Sweet Grass Hills are located 160 km north of Great Falls, Montana, 
and 70 km northeast of Cut Bank, Montana. They are part of the Montana alkalic 
province, and consist of three prominent intrusive complexes that lie along an 
east-west trend. They rise nearly 800 m above the surrounding country. West 
Butte is the western-most of the three prominent group of hills; the other two are 
Middle Butte and East Butte. West Butte covers approximately 52 km2, with a 
maximum elevation of 2,128 m. Early researchers determined that the buttes 
are a calc-alkaline and alkaline in composition. The magmas intruded shales, 
calcareous siltstones and sandstones of the upper Cretaceous Colorado Group. 
Hearn and others (1980), dated the West Butte intrusion at 53.6 + /-1.5  Ma.
Dates from Middle and East buttes range from 49.8 +/- 1.1 Ma to 52.5 +/-1.2 Ma. 
These age relationships suggest the intrusive activity progressed from west to 
east, over a period of approximately 2 Ma.
Sulfide minerals, associated with hydrothermal alteration, are 
widespread at West Butte. Hydrothermal alteration ranges from weak propylitic 
to strong argillic. Secondary silicification has also occurred. The occurrence of 
sulfides has resulted in prospecting and small scale mining throughout the 
region. Exploration conducted by Utah International and Lehmann and 
Associates in the 1980’s and 1990's, and Coeur Exploration during this decade, 
has located anomalously high concentrations of precious and base metals.
Hypabyssal alkaline rocks in Montana and elsewhere may contain 
significant gold deposits (Mutschler and others, 1991). Mining districts in the 
Judith Mountains and the Little Rockies are geologically similar to the Sweet 
Grass Hills in age, host rock lithologies, and alteration (Kohrt, 1991). These 
considerations have made the Sweet Grass Hills a target of gold exploration. 
However, few geologic investigations have been conducted in the Sweet Grass
1
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Hills. The purpose of this thesis was to investigate and describe the geology, 
including the mineralization and alteration of West Butte.
Previous Research
Meriwhether Lewis wrote the earliest account of the Sweet Grass Hills. 
During exploration of the Marias River he noted a discontinuous mountain 
range to the north, which he named the Broken Range. He also described the 
conical peak of Middle Butte. In 1873-1874, G. M. Dawson conducted a study 
for the British North American Boundary Commission in which, he stated that 
the hunters in the area called the isolated mountains "Montagnes du Foin de 
Senteur". The Missouri region traders called them the "Sweet Grass Hills".
Maps of the era, referred to the hills as the "Three Buttes".
Dawson described geomorphilogical features that G.K. Gilbert would 
later classify as laccolites. Dawson's terminology was more poetic but also 
more cumbersome than Gilbert's. Dawson refered to the igneous hills as 
"craters of elevation". Dawson returned to the area in 1882-1884 and along with 
F. D. Adams published the first pétrographie reports of the igneous rocks. He 
identified them as transitional between trachytes and andésites. By 1885 placer 
gold had been discovered at Middle Butte. In 1890, A. R. Leduc visited the 
buttes and reported on the reserves of gold, copper and fluorite of East Butte to 
the New York Academy of Sciences in 1891. In 1895, W. H. Weed and L  V. 
Pirrson published a report in the American Journal of Science of their 
microscopic analyses of several rocks collected earlier by Dawson. They noted 
the high silica, alumina, soda and alkali content, and labeled the rocks as 
quartz diorite porphyrite, quartz syenite porphyry and a biotite, augite-bearing 
minette. F. Calhoun in 1906spublished a report of the glacial geomorphology of 
the Sweet Grass Hills. He suggested that the buttes stood as nunataks 600 m
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
above the advancing ice sheets. V. C. Hiekes (1908) reported minor lead and 
silver production from patented claims in the central regions of West Butte.
James F. Kemp and Paul Billingsley published their report, entitled 
Sweet Grass Hills, Montana, in 1921. This study was the most complete treatise 
of the Sweet Grass Hills since Dawson In 1875. It was complete with large scale 
maps of East, Middle and West Butte illustrating the radial pattern of the buttes 
and numerous dikes. Kemp and Billingsley described West Butte as a laccolith, 
presented geochemical data, and determined the age and stratigraphy of the 
surrounding sediments.
A. J. Collier in 1930, discussed the stratigraphy of the hills encountered 
in drill core and outcrop. E. S. Larsen (1940) included the hills in a report of the 
central Montana pétrographie province. He compared the geochemical 
characteristics of the Sweet Grass Hills with the Little Belt Mountains.
M. G. Truscott (1975) described the petrology and geochemistry of the 
igneous rocks of East Butte. She provided a map, whole rock geochemistry and 
the geochronology of rock types at East Butte. In 1980, B. G. Hearn and others 
included age dates derived from the Sweet Grass Hills in their study of the 
igneous activity of northern-central Montana. During the 1980’s several 
companies initiated exploration in the Sweet Grass Hills, among these were 
Utah International and Lehman and Associates. B. Gavin (1991) reported on the 
precious metal mineralization of the Bearpaw Mountains and the Sweet Grass 
Hills. Coeur Exploration began investigating anomalous gold concentrations at 
West Butte in the Spring of 1992.
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Current Study
Coeur Exploration staff proposed this thesis idea in May of 1992. The 
company had acquired interest in West Butte and needed a detailed study of 
the butte to characterize the general geology, alteration styles and mineral 
potential. This required a geologic map of the area detailing outcrops, rock 
types, structures and alteration styles. Whole rock analyses, optical descriptions 
of thin sections and geochemical analyses for precious and base metal 
concentrations were completed. A compilation of these data and acquired 
geochemical data are in the Appendices E through H.
Field work began in May of 1992, and continued for two summer field 
seasons The interior of the area was mapped at one inch equals 500 feet, or 
(1:6000). A scale of (1:12,000) was used on the perimeter. Field locality 
numbers begin with number 71 and continued through number 349. (Coeur 
Exploration used numbers 1 through 70 prior to this study). Notes associated 
with numt>ers 1-70 were unavailable although some rock samples remain in the 
suite and have been included in all appropriate studies. Thirty four thin sections 
were analyzed from this group of samples. Plate 2 locates the sample sites and 
optical descriptions are in Appendix A.
Most samples analyzed for metal concentrations were strongly oxidized 
or argillically altered. A few relatively unaltered samples were assayed. 
Numbering begins with 9010 and continues through 9071, including the single 
number 9500, Coeur Exploration used the numbers 9000 through 9009 prior to 
this study. Statistical treatment of geochemical data includes samples collected 
by Coeur Exploration.
A soil survey, water quality survey and whole rock analyses complete the
study.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Geology
Regional Geology and Structure
West Butte and the Sweetgrass Hills are part of the Central Montana 
Alkalic Province. Structural features within the province date from Proterozoic - 
Archean(?) to Eocene reflecting at least 1500 Ma of tectonic evolution (O'Neill 
and others, 1985). Generally, structures in north-central Montana have 
northeast and north-northwesterly trends.
O'Neill and Lopez (1985) showed the northeast-trending structures 
extend from central Idaho to northeast of Saskatoon,Saskatchewan and may 
continue into the Hudson Bay region dividing the Protozoic Churchill and 
Archean Superior Provinces. This zone, consisting of high angle faults, shear 
zones, gravitational and magnetic anomalies, and topographical features is 
named the Great Falls tectonic zone, figure 1.
Another structural element is the Scapegoat-Bannatyne trend, figure 2. It 
consists of two parallel, northeast trending lineaments extending from a point 
approximately 80 km northeast of Missoula to about 30 km west of Havre 
(Smith, 1970). The southwest end of the Scapegoat-Bannatyne trend lies in a 
tranverse fault zone that displaces the Laramide thrusts. The northeast end is 
known as the Genou trend. The entire Scapegoat-Bannatyne/Genou trend is at 
least 177 km long. In the area of the Sweetgrass arch the trend consists of 
topographical highs in the Precambrian basement. They have a maximum 
structural relief of 426 m and prevented the later depostion of Cambrain and 
Devonian sediments (Alpha, 1955 and Kleinkopf and others, 1972). The trends 
are indicated geophysically by a series of positive gravity highs as much as +20 
mgal (figure 3).
The Pendroy fault zone, figure 1, is located 40-45 km northwest of the 
Scapegoat-Bannatyne trend. This feature extends for 240 km northeast toward
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Figure 1 Distribution of northeast-trending faults, shear
zones and linear topographic features
BERTA SASKATCHEWAN
SGH O
« Y f'̂ '—
MONTANA
CUVTH CAAaCN
O SGH Sweet Grass Hills
100 300 KILOMETERS200
IDAHO
100 200 MILES
(modified from O’Neill and Lopez, 1985)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 2 Distribution of Laramide Structures
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Figure 3 Distribution of linear magnetic and gravity anomalies
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Alberta. Gravitational anomalies to +15 mgal are recorded above this structure 
(figure 4).
Both the Pendroy fault zone and the Scapegoat-Bannatyne trend cross 
the Sweetgrass arch in the Shelby area. Other northeast-trending structures 
include the Bearpaw Arch and its large northeast-trending gravitational 
anomaly, to +20 mgal. The positive trend continues from the Bearpaw Arch 
northeasterly for at least 96 km to the Saskatchewan border.
Included in the suite of northeasterly-trending features is the Missouri 
River that follows a distinctly straight and northeasterly trend for nearly 200 km 
between the eastern limit of the Disturbed Belt and the Bearpaw Intrusive rocks 
(figure 1), (O’Neill and Lopez, 1985). In Canada, two northeast-trending faults 
bound the Cyprus Hills Arch. South of Saskatoon, two northeast trending 
paleovalleys, the Swift Current and the Tyner, predate glaciation and are longer 
then the straight section of the Missouri River (Whitaker et al, 1972).
Superimposed upon the northeasterly grain of central Montana is a 
north-northwesterly-trend. Structures trending north to northwest include the 
eastern limit of the Disturbed Belt, the front ranges of the Rocky Mountains and 
the Sweetgrass Arch. These structures, with the exception of the Sweetgrass 
Arch, originated with the Laramide fold and thrust belt (Smith, 1970). The 
Sweetgrass Arch predates the Laramide orogeny, but as a consequence of its 
northwestern orientation was accentuated by regional compression during the 
later orogeny (Lorenz, 1980).
The Sweetgrass Arch, figure 2, is a north-northwesterly trending structure 
arising in central Montana and terminating in southern Alberta, where it plunges 
beneath the plains and intersects the North Battlefield Arch (Herbaly, 1974). 
Initial uplift of the Sweetgrass arch began in the late Precambrain, near the 
eastern limit of Belt Supergroup sedimentation (Peterson, 1966).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 4 Residual gravity anomaly map of western and 
central Montana
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Lithospheric loading of the crust by 12 km of Belt sediments caused the minor 
crustal upwarping (Lorenz, 1983).
Throughout the Paleozoic the arch was a topographically positive feature 
separating the Williston basin to the east from passive margin sedimentation to 
the west. Sediment deposition was least in the area of the arch and was 
frequently subjected to erosion. The sedimentary veneer is only 1500 m thick 
near the arch but reaches 4500 m in the Williston basin. A depositional 
thickness of 30 km west of the Sweetgrass Arch records the development of the 
Cordillera geosyncline (Jones et al, 1983). The differences in the preserved 
stratigraphie record implies that the arch was a long-lived positive structure. 
During the Late Jurassic, the arch was well east of the overthrusting and 
foredeep, but behaved as an elevated “fore-bulge” on the elastic lithosphere. By 
Early and Late Cretaceous time, uplifts of the arch were synchronous with east- 
directed thrusting events in the Cordillera (Lorenz. 1983).
Throughout Cretaceous and early Tertiary time, the arch was largely 
quiescent with only periodic uplifts. These were contemporaneous with 
Laramide thrusting. By the late Tertiary, the arch rose again along a basement 
flexure to its current configuration, a northward plunging anticline, 322 km in 
length, with 305 m of structural relief. A right-lateral transcurrent fault offsets a 
portion of the arch by 48 km (Shepard and Shepard, 1985). Geophysically, the 
arch is a north-northwest-trending zone with a residual gravity anomaly of more 
than +10 mgal (figure 4), (Smith, 1970). To the southeast the Sweetgrass 
anticline is truncated by the Pendroy and Scapegoat-Bannatyne trends.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Local Geology 
Sedimentary Rocks
The many sills, dikes, and laccoliths of West Butte were emplaced 52-53 
Ma, at a estimated depth of 1200-1700 m beneath the paleosurface within late 
Cretaceous age sedimentary rocks. The marine, dark gray shales, water-lain 
volcanic rocks, thin beds of limestone and calcareous shales eventually give 
way up section to siltstones and sandstones corresponding to a regression of 
the Cretaceous seaway. Stratigraphers recognize this thick, seemly 
monotonous unit as the Colorado Group which underlies the more clastic-rich 
Montana Group.
This section focuses on sedimentary rocks and features noted within the 
study area and presented on the base map, Plate 1. The bedrock study was 
hampered by a paucity of outcrops, areas of steep terrain, lack of passable 
roads, glacial debris and a short field season.
Billingsley and Kemp (1921) and Cobban and others (1959) place the 
West Butte Complex (WBC) within the upper Colorado and lower Montana 
formations. Numerous gas and oil wells flanking the WBC support this 
conclusion. Descriptions of the wells record the stratigraphy and in places, total 
depth. None of the wells listed below are within the study area, however, 
several are within 2-3 kilometers (Vine and Erdmann, 1952 and Tonnsen,
1985).
Table 1 shows the West Butte area wells are collared in Colorado Group 
or younger sedimentary rocks. Note that the three wells in the Fred and George 
gas field bottom in the Mississippian Madison limestone at depths between 473 
m and 896 m. Additionally, the McAlester Fuel no. A-1, John Fey well at T36N, 
R2E, sec 11 SW NE, penetrates the top of the Madison limestone at 975 m. The 
Union No. 1, Jacobs well, located at T36N, R2W, sec 14 SW SW, encounters
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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the top of the Madison limestone at 579 m (Peterson, 1966).
Table 1 Oil and Gas Wells near the WBC
Field Location Surface fm(s) Finishino fm Deoth
Berthelote T36N, R2E glacial Madison n/a
Fred and George T37N, R2E, sec 22 Eagle Madison 473 m
T37N. R2E, sec 36 Eagle Madison 645 m
T37N, R2E, sec 5 Eagle? Madison 896 m
Kicking Horse T36N, R1E Colorado, Eagle Madison n/a
Miner's Coulee T36N, R2E Claggett, Eagle. Virgelle Madison n/a
Miner's Coulee (gas) T36N, R2E Claggett, Eagle, Virgelle Madison n/a
Phantom T37N, R2E-3E glacial, Claggett Rierdon n/a
Phantom West T37N. R2E glacial, Claggett Rierdon n/a
Police Coulee T37N, R1E Colorado Nisku n/a
Prichard Creek T37N, R2E glacial Rierdon n/a
West Butte (oil) T36N, R2E glacial, Eagle Madison n/a
(shallow gas) T36N, R2E glacial, Eagle Madison n/a
(sour gas) T36N, R2E glacial, Eagle Madison n/a
These data support emplacement of the WBC within the upper 
Cretaceous section. However, both Truscott (1971) and Billingsley and Kemp 
(1921 ) reported Mississippian Madison limestone outcropping at East Butte at 
the base of two major laccoliths where it hosted fluorite mines. At West Butte, I 
also mapped a limestone-marble bed at the base of the largest laccolith. 
However, I believe it is part of the Marias River Shale Formation. The bed 
exposed In shallow pits and old roadcuts, was perhaps mined for lime.
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Stratigraphy
Cobban and others (1959) subdivided the Colorado Group Into two units, 
each with four members (figure 5). The basal 245 m of the Colorado Group, the 
Blackleaf Formation is composed from base to top of the Flood Member, the Taft 
Hill Member, the Vaughn Member and the Bootlegger Member. Unconformably, 
overlying the Blackleaf Formation is the 293 m thick Marlas River Shale 
Formation, which contains the Floweree Member, the Cone Member, the Ferdig 
Shale Member, and the Kevin Shale Member. Complete stratigraphie 
descriptions are found in Cobban and others (1976).
Blackleaf Formation
The Blackleaf Formation was first designated the Blackleaf Sandy 
Member by Stebinger (1918). Cobban and others (1959) shortened the name. 
This formation rests unconformably on the non-marine Kootenai Formation of 
lower Cretaceous, Aptian age and extends from the Missouri River northward to 
the Canadian border and from the Rocky Mountains to 150 km east.
Flood Member
The basal member of the Blackleaf Formation is the Flood and is 
composed of black-gray shales and sandstones, ranging in thickness from 26 to 
60 m. The type section is in the Sun River Valley and it is not known to outcrop 
in the Sweetgrass Hills.
Taft Hill Member 
The Taft Hill Member conformably rests on the Flood Member. It is 
composed of medium-gray soft bentonitic, clayey to silty shales and fine-
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grained greenish gray, glauconitic sandstones (Cobban and others, 1976). The 
reported thickness ranges from 74 to 81 m. Exposures are reported in the 
Sweetgrass Hills but the exact locations are not known.
VauQhn Member
The Vaughn Member unconformably overlies the Taft Hill Member. The 
non-marine Vaughn resulted from a mid-Albian regression. The member thins 
to 8 m to the southeast, but near Brady, Montana, it thickens to 45 m. It is 
composed of light-colored bentonitic clay, siltstone and sandstone, which 
erode into poorly vegetated badlands. Outcrops in the Sweetgrass Hills are not 
reported.
Bootlegger Member 
The Bootlegger Member is marine and conformably overlies the non- 
marine Vaughn Member. At its type section, it is 100 m thick, but undergoes a 
lateral facies change into the Vaughn Member to the west. It is composed of 
thin, interlaminated beds of medium-gray sandstone, gray siltstone, dark-gray 
shale and bentonite. This member has not been found in the Sweetgrass Hills.
Marias River Formation
Cobban and others (1959) named the Marias River Shale. It rests 
unconformably upon the Bootlegger Member of the Blackleaf Formation. Its 
thickness varies from 275 m to 365 m and it is widely exposed in central- 
northern Montana, including the Sweetgrass Arch, the Sweetgrass Hills and the 
Disturbed Belt. The Marias River Shale Formation has four members, which are 
the Floweree, the Cone, the Ferdig and the Kevin Shale.
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Floweree Member
The basal member of the Marias River Shale Formation is the Floweree. 
It varies greatly in thickness, from 3 m northwest of Vaughn, Montana to 19.4 m 
at the type section. In the Sweetgrass Hills area, it may be as much as 46 m 
thick. Exposures are also known in the crest of the Kevin-Sunburst dome and 
along the Rocky Mountain front. The Floweree is composed of dark bluish-gray 
shales, lighter colored sandy shale and thin beds of sandstone and siltstone 
(Cobban and others, 1976).
Cone Member
The Cone member of the Marias River Shale Formation, 15-18 m thick 
throughout the Sweetgrass Arch, sits unconformably on the Floweree Member. 
It is composed of dark gray calcareous shales, and lesser volumes of 
argillaceous limestone, crystalline limestone, limestone concretions, bentonite 
and noncalcareous shale. The upper 3.2 m of the Cone Member is thinly 
bedded, dark to medium gray limestone composed of pelagic Foraminifera. 
macerated MytHoides, and small oyster fragments. The topmost 1.1 m of the 
Cone Member is thinly bedded calcareous shale, limestone and gray. 0.2 m 
thick bentonite. The remainder of the Cone Member contains six additional 
bentonite beds, the thickest being 0.9 m. Limestone within the middle of the 
Cone member is very dark gray, weathering light blue and orange-brown. The 
beds are more argillaceous, and more clastic than the upper section. The Cone 
member is not reported to outcrop in the Sweetgrass Hills.
Ferdio Member
The Ferdig Member unconformably overlies the Cone. Cobban and 
others (1976) described the Ferdig Member as being cofppoeed of firm,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
18
noncalcareous shale with numerous thin hard sandy partings, with concretions 
of limestone and ferruginous dolostone. The thickness of the Ferdig Member Is 
68.6 m at Its type section and varies elsewhere from 63 to 70 m. The basal 8.1 
m of the Ferdig Member is noncalcareous black-gray shale with a few thin 
layers of yellowish and bluish weathering hard siltstone. A 0.1 m thick, but 
widespread layer of conglomeratic sandstone occurs 8 m below the top of the 
Ferdig Member. This conglomeratic bed is bed N of Erdmann and others 
(1947). Outcrops of Ferdig Member are reported in the Sweetgrass Hills, along 
the Marias River and elsewhere.
Kevin Shale Member
The topmost member of the Marias River shale is the Kevin Shale. The 
Kevin (pronounced Kee-vin) has three submembers (Erdmann 1947). Total 
thickness is about 189 m in the type section but the member thickens to 213 m 
in the Cut Bank gas and oil field. This unit, the most extensive of the Marias 
River Shale Formation members forms the present surface from a point 24 km 
north of Great Falls to north of Shelby. It is also reportedly exposed in the 
Sweetgrass Hills. On the flanks of the Sweetgrass arch it extends from 
Cascade, Montana, northward to the Canadian border. The Kevin shale is 
largely correlative with the Niobrara Formation of Wyoming and Kansas.
The basal submember extends from bed M to bed I of Erdmann (1947), 
and is characterized by numerous beds of bentonite, calcareous concretions 
and concretionary limestone. Sandstone is a very minor constituent. The medial 
submember is about 61 m thick and contains gray limestone concretions within 
shale. Numerous reddish-weathering, ferruginous concretions impart a reddish 
color to outcrops. Bed F of Erdmann (1947) lies near the middle of the medial 
submember. This bed, also known as the MacGowan Concretionary Bed, is 0.5
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m thick and regionally extensive. The MacGowan bed is composed of 
concretionary dolostone and limestone, small pebbles (to 2 cm diameter) of 
gray and black chert, and larger pebbles (to 5 cm diameter) of olive-gray 
phosphatic siltstone. The topmost 61 m of the Kevin is the upper submember. It 
includes the t>eds halfway between E-D to the base of the Telegraph Creek 
Formation. The upper submember contains dark-gray shale, calcareous silt, 
concretionary limestone and thin layers of bentonite.
Telegraph Creek Formation
Conformably overlying the Marias River Shale Formation is the 
Telegraph Creek Formation. The Telegraph Creek Formation is a transitional 
unit separating the shaley Colorado group from the clastic, shallow marine silt 
and sand of the massive, cliff-forming sandstone of the Virgelle Formation. The 
Telegraph Creek Formation is composed of gray shale, siltstone and sandstone 
(Peterson, 1966). Total thickness of the Telegraph Creek Formation varies from 
36 m near Cut Bank, Montana, to 90 m on the Sun River west of Great Falls, 
Montana (Cobban, 1950). The Marias River Shale Formation and the Telegraph 
Creek Formation are distinguishable by color and lithology. The Marias River 
Shale Formation is dark olive gray in color, ~5Y 4/1, while the Telegraph Creek 
Formation is sandier and pale-yellowish brown, ~10YR 6/2 (Cobban et al,
1976).
Igneous Rocks
The WBC contains an assemblage of calcic, calc-alkalic and alkalic 
rocks, most of which are fine-grained and may contain phenocrysts and 
xenoliths. Classification is based on methods developed by Le Bas and others 
(1986).
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Most of the igneous rock found at the WBC falls into the following four 
types: phonolite, trachyte, trachyandesite and tephrite.
Phonolite
Phonolite occurs at West Butte in the eastern half of sec 24, T37N, R1E, 
(Plate 1). The largest exposures are adjacent to diatremes, trachyandesite and 
trachyte. Phonolite is characteristically medium light gray (N6), to medium gray 
(N5), on a fresh surface. It weathers to a very pale orange (10 YR 8/2). The fresh 
rock is typically moderately hard to hard and fractures conchoidally. Aphanitic 
groundmass is 90-95% of the rock by volume, with minor amounts of slightly 
visible feldspar and aegirine. Xenoliths of a biotite and plagioclase bearing rock 
are common. Overall, the phonolite has a very siliceous, nearly glassy texture.
Trachvte
Trachyte is distributed throughout West Butte but is most common in the 
western portions. The largest exposures are in the O'Laughlin ranch area and 
several large sills southwest of West Butte ranch. Phenocrysts of subhedral to 
euhedral sanidine that range in length from 5 mm to 3 cm characterize the 
trachyte. The sanidine is clear but weathers to a whitish color. White to gray, 
subhedral plagioclase phenocrysts constitute 30-40% of the total composition 
while the sanidine accounts for 10-20% by volume. Most trachytes lack 
ferromagnesian minerals such as hornblende and biotite. Phenocrysts account 
for approximately 50% of the rock volume. The aphanitic groundmass is 
typically a light olive brown (5 Y 6/1) and weathers slightly darker (~5 Y 5/1).
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Trachyandesite
Trachyandesite is the most abundant igneous rock type and outcrops 
throughout West Butte. It commonly forms the larger domes and laccoliths. 
Equal-size phenocrysts comprising 50-80% of the rock's volume distinguishes 
trachyandesite from trachyte. Phenocrysts include euhedral plagioclase and 
sanidine, 1 mm to 5 mm in length. Unlike trachyte, trachyandesite does not 
contain sanidine greater than several millimeters in length. Other components 
include 2-3% hornblende, 1-2% magnetite, and lesser amounts of 
clinopyroxene and aegirine. The unweathered, unaltered groundmass is a light 
gray (N 7). More commonly, it is a light bluish gray (5 B 7/1) or a light olive gray 
(5 Y 6/1 ) dependent on whether iron oxide minerals or chlorite have replaced 
the ferromagnesian minerals.
Teohrite
Tephrite is the rarest igneous rock mapped at West Butte. Tephrite 
outcrops in the eastern portions of sec 22, T37N, R1E and the western portions 
of sec 27, T37N, R1E (Plate 1). It commonly forms dikes several meters wide but 
also forms a small dome just east of West Butte ranch. Tephrite contains 10- 
15% euhedral hornblende and biotite. Maximum length of the hornblende is 5 
mm. Biotite is up to 3 mm long. Plagioclase is 1-3% of the rock and forms small, 
to 1 mm, euhedral to subhedral crystals. The groundmass accounts for 80-90 % 
of the total volume, and is a light greenish gray (5 G 7/1 ) on a fresh surface. It 
weathers to a dark grayish green (5 GY 4/1).
Breccias
Three, possibly contiguous, breccia zones were mapped along a 
prominent ridge in the central region of the WBC. Each of the zones is roughly
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circular but vary in diameter. The largest is approximately 600 m x 900 m or 0.5 
km2. Another is approximately 300 m x 450 m with a surface area of 0.14 km2. 
A small breccia zone, approximately 100 m x 200 m, is bounded on the 
southern edge by a fault. Another small, isolated breccia zone is one kilometer 
south of the main location. It has dimensions of approximately 20 m x 30 m. The 
breccias have never been drilled and the true vertical and horizontal 
dimensions are not known. The breccias formed in porphyritic trachyte, 
trachyandesite and phonolite The western breccia zone also contacts black, 
highly fractured shales of the Colorado Group. The isolated breccia zone, 
located south of the central area, is entirely within the porphyritic trachyte.
There are three textural varieties of breccias. The rarest is wall rock 
showing incipient brecciation. This textural type has stockwork fracturing but 
with very little dislocation of fragments. Stockwork fracturing was found In 
phonolite and black shale. The matrix is typically less than 5 % of the rock's 
volume and is composed of small, angular fragments of wall rock cemented by 
hydrothermal minerals, including quartz. Due to clast angularity and the small 
percentage of matrix and cement, porosity can be up to several percent.
Clast-supported breccias are common. Clasts of intrusive or sedimentary 
rocks, ranging from less than a centimeter to several centimeters in diameter, 
and varying in roundness (sphericity), are cemented by a light colored matrix 
consisting of comminuted rock and hydrothermal minerals. Matrix constitutes 
10-30% of the rock volume. Primary porosity is generally poor but may be 
enhanced by the dissolution of mafic grains subjected to oxidizing fluids.
The third type of breccia is matrix supported. The clasts, both igneous 
and sedimentary, are generally subangular to round and enveloped by a matrix 
composed of comminuted wallrock and hydrothermal minerals such as clays 
and quartz. These breccias have very poor primary porosity. While dissolution
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of clasts can enhance porosity, secondary silicification can decrease porosity 
and result in a largely Impermeable and erosion-resistant rock.
Clasts within all breccia types include abraded and fragmented 
orthoclase phenocrysts. porphyritic trachyte, trachyandesite, phonolite, black 
and tan siltstones, sandstones, and gray limestone. Intrusive rocks are found 
adjacent to the breccia zones and undoubtedly are the source of many clasts. 
Most sedimentary clasts must have been entrained at depth because 
sedimentary units, except for a single exception, are not in contact with the 
breccia zones at the surface.
Most of the breccia bodies are a reddish color due to the replacement of 
mafic and sulfur-bearing minerals by iron oxide minerals. Oxide minerals are 
pervasive throughout the matrix and concentrated along the perimeter of most 
clasts. It is not determined if the oxidation is the result of supergene or 
hypogene processes. Disseminated pyrite occurs in most breccia samples and 
may constitute 1-3% by volume. Rarely, pyritized, rounded clasts up to 3 mm in 
diameter are entrained in an oxidized matrix, (slab BF-8 in Appendix C).
Silicification also affected these breccias. The degree of silicification is 
variable, ranging from non-existent to complete. Very rarely, microcrystalline 
quartz precipitated on breccia fragments, indicating that silicification post dates 
at least some brecciation. Non-silicified rocks are quite friable.
Quaternary Sediments
Quaternary sediments found at the West Butte complex include stream 
deposits, talus derived from outcropping igneous rocks and glacial till. Because 
the thesis emphases was on bedrock geology, Quaternary till and talus were 
not mapped. Stream-deposited alluvium, however is designated, Qal.
Glacial till encircles the West Butte complex at lower elevations. Boulder-
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Size erratics and cobbles of quartzite, biotite gneiss and micaeous schists are 
common at lower elevations and occur at 1460 m in the MacDonald Creek area. 
The glacial veneer reaches an approximate maximum elevation of 1370 m on 
the south side, indicating that ice, advancing from the north during the Bull Lake 
glaciation, 130,000 years ago, piled against the north side of West Butte and 
flowed around the sides of the butte. This process may have repeated itself 
during the Pinedale glaciation, 70,000 years ago. At all elevations, intrusive 
rock talus covers vast areas.
Igneous Petrology
Laccoliths
The igneous intrusions forming the buttes appears to be laccoliths. A 
laccolith, as defined by Bates and Jackson (1980) is “A concordant igneous 
intrusion with a known or assumed flat floor and a postulated dikelike feeder 
commonly thought to be beneath its thickest point. It is generally plano-convex 
in form and roughly circular in plan, less than five miles in diameter, and from a 
few feet to several hundred feet in thickness”. Corry (1980) adds, “Laccoliths 
commonly have much greater dimensions than those given and they may have 
discordant floors and margins. Laccoliths are distinguished from sills by non­
linear, inelastic, large-scale deflection of the roof.” Corry arbitrarily uses a 
vertical distance of 30 m to distinguish between a sill and a laccolith, with sills 
having less than 30 m of vertical relief.
G. K Gilbert wrote the first qualitative analyses of laccoliths in 1877. He 
proposed that laccoliths in the Henry Mountains of Utah formed by lifting 
overlying beds, commonly along stratigraphie contacts. Accordingly, West Butte 
is probably a laccolith group. Mapping revealed six large trachyandesite 
laccoliths separated by sedimentary units. Two other laccoliths are composed
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largely of trachyte. A single, roughly circular trachyandesite laccolith forms the 
large rounded dome of the summit of West Butte encompassing an area roughly 
1.9 km X 2.4 km, or 4.6 km2. It has approximately 750 m of vertical relief with 
dimensions that are approximately twice that of any of the other laccoliths within 
the West Butte complex (WBC).
A circular region approximately 7 km In diameter encloses the entire 
WBC with the largest dome occupying the southeast quadrant (Plate 1 ). A radial 
drainage pattern has incised the region. The high central portion of the complex 
contains a brecclated unit associated with diatremes.
Mlneraloglcally, each laccoliths does not vary appreciably laterally or 
vertically, other than small differences In the size of phenocrysts, especially 
within the trachyte. Chilled margins are poorly developed and most thermal 
metamorphic effects, except for a single marblelzed bed of calcareous siltstone 
lying underneath the largest dome, are very slight. Many outcrops of 
trachyandesite or trachyte have essentially unaltered host rock mere 
centimeters away from the edges of the Intrusion.
The Kevin shale, Marlas River and the Telegraph Creek formations 
outcrop throughout the WBC, separating many domes and serving as bedrock 
for most of the radiating streams. Surrounding sedimentary rock generally dips 
away from the uplifting domes for a distance of hundreds of meters. Faulting on 
the periphery of the laccoliths Is not evident.
Classification of Laccoliths
General shape, method of emplacement, existence of periphery faulting^ 
and the extent of overburden deformation outboard of the Intrusion 
distinguished laccolith types. Corry (1988) envisions the form and genesis of 
laccoliths as a continuum between two end types, punched and Christmas tree 
(figure 6).
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Within a laccolith group, various types and characteristics of both end members 
may be present.
Punched laccoliths are generally flat-topped, steep sided, and ringed by 
vertical faulting along their periphery. Deformation of the country rocks Is limited 
to the Immediate area of the faulting. Punched laccoliths form in the epizone, 
which extends from the surface to approximately 6.5 km In depth (Hyndman, 
1985). Characteristics of plutonic bodies within the epizone Include sharp, 
discordant contacts, absent or low grade regional metamorphism and generally 
some contact metamorphism. Plutons may also exhibit a chilled zone near their 
borders.
Christmas-tree laccoliths generally assume a rounded, domed 
appearance with gently sloping sides (Corry, 1988). Peripheral faulting is 
absent. Before erosion, the overlying sedimentary beds may be continuous over 
the laccolith and a crestal graben may form in the overlying sediments.
Up warping and deformation of the surrounding country rock are widespread 
and may extend well beyond the limits of the laccolith group. Mechanical 
modeling done by Corry (1988) Indicates that Christmas-tree laccoliths may 
form in either the epizone or the mesozone. The mesozone extends from 6.5 km 
to 13 km below the surface, (Hyndman, 1985). Sharp or gradational contacts 
between the pluton and the surrounding country rock are characteristic of 
plutons formed In the mesozone. Contact metamorphic effects may be well 
developed and regional metamorphism may be as high as greenschlst facies.
Overall the laccoliths of West Butte exhibit a rounded appearance 
generally lacking precipitous cliffs. Mapping the periphery has not Indicated 
encircling ring faults, and mildly deformed sedimentary beds extend outboard of 
the laccoliths themselves. Thermal contact effects are slight except for a 
marblelzed bed outcropping near the base of the largest laccolith. Regional
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metamorphism is low-grade greenschlst. Numerous sills, separated by 
sedimentary beds emanate from larger laccoliths. All of this suggests the WBC 
is composed of epizonal Christmas-tree type laccoliths.
Depth of Emplacement
Truscott (1975) estimated the depth of emplacement of nearby East Butte 
at 1700 m, corresponding to a lithostatic pressure of 380 bars. She based the 
estimation on methods developed by Nash and Wilkinson (1970) during their 
work at Shonkin Sag, Montana. East Butte and West Butte are similar in 
lithology, geomorphology and age. Age dates reported by Hearn and others 
(1980) are 53.6 +/-1.5 Ma. for West Butte and 49.8 + /-1.1 Ma. to 52.5 + /-1.2 Ma 
for the crystallization of East Butte. It is reasonable therfore, based upon 
stratigraphie relationships, to believe that East Butte and West Butte were 
emplaced at similar levels.
The igneous bodies were emplaced in the Marias River Shale Formation 
of the upper Cretaceous Colorado Group. The thickness of the overlying 
Cretaceous section is estimated to be at 960 m (Mallory, 1972). This value is 
derived from a composite control section located near the mouth of the Judith 
River, approximately 160 km south-southeast of West Butte. Measured sections 
from Tps. 22-23 N, R 17 E in Fergus county and T 24 N, R 17 E in Blaine 
County, combine to generate the control section.
The thickness of the Paleocene and the early Eocene strata is unknown, 
but has been estimated using erosion rates. Minimally, 960 m of sediment 
eroded from above West Butte during the last 53 Ma, at an erosional rate of 1.8 
X 10“5 m/yr. The difference from the time of emplacement, 53 Ma, to the 
Cretaceous-Tertiary boundary, 66 Ma, is 13 Ma. Assuming a constant erosion 
rate of 1.8 x 10"5 m/yr, 240 m of sediment eroded in the 13 Ma. This amount
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added to the 960 m of the measured Cretaceous section, gives an estimated 
depth of emplacement of 1200 m, or 500 m less than Trusœtt’s estimate of 
1700 m.
Intrusion Emplacement
Gilbert in 1877 first postulated that laccoliths are upwardly driven by the 
density contrast between the molten magmatic material and the cooler, denser 
host rock. The ultimate level of emplacement and therefore laccolith formation is 
then the elevation where the density of the molten magma equals the density of 
the surrounding country rock. This level is the neutrally buoyant elevation, and it 
is where the density contrast, Ap, between the magma and the country rock is 
approximately zero.
Complicating factors include the increase in magma density with cooling. 
According to Corry (1988). density increases about 100 kg/m^ during the 
solidification of a felsic magma. The density of basic magmas may increase 
from 150 to 200 kg/m^ during solidification. Field studies have commonly 
demonstrated that the Ap between most laccoliths and the country rock is 
approximately zero, implying that the vertical ascent of the molten magma 
stopped at a point where Ap is ~ -100 to 200 k/m^. Because Ap increases with 
depth, (due to the magma’s density remaining constant while the country rock 
density increases) the point where Ap equals -100 to 200 kg/m^ is one to 
several kilometers below the surface.
Ascending magma, upon reaching the neutrally buoyant level may 
spread laterally to form a tabular sill. The growing sill will commonly utilize a 
horizontally oriented structure to facilitate growth. The structure may be bedding 
planes or an unconformity, both of which are very common in the stratigraphie 
column. The sill length is dependent upon magma viscosity. Fingers of felsic
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magmas may only be a meter in length, while more fluid magma "fingers" may 
be 100 m long (Corry, 1988). Coalescencing fingers brecciate the country rock 
between them as the sill advances
The sill or protolaccolith, is believed to spread to its full diameter prior to 
vertical thickening (Corry, 1988). A thin sill will cool and solidify during 
spreading, and cooling rates increase with distance away from a feeder dike. 
Therefore the sill must spread quickly to reach its full diameter before it cools 
sufficiently to impede growth. Delaney and Pollard (1981) estimated 
propagation rates of 0.1 to 1 m/s for dikes and flows of basic composition. 
Propagation rates for silicic magmas may be ten to a thousand times slower 
than basic magmas. Other workers believe that even siliceous magmas must 
spread at a rate near 1 m/s to prevent freezing in their conduits. Corry (1988) 
believes protolaccoliths reach their full diameter in generally less than a year, 
and certainly less than ten years. Vertical growth may continue for a much 
longer period due to the thickened body and slower freezing rates.
In conclusion, laccoliths are emplaced and theoretically grow to their full 
volume virtually instantaneously. Contrasts between the density of the magma 
and the density of the country rock drives the vertical ascent of the magma and 
determines its level of emplacement. This occurs near the neutral buoyant level 
where the density contrast, Ap, is approximately zero.
Classification of the Igneous Units
Hypabyssal intrusions comprise the West Butte complex. Hypabyssal 
rocks are typically emplaced at one kilometer or less below the paleo-surface. 
are fine-grained and may be porphyritic (Hyndman, 1985). Because of the 
fineness of the groundmass, modal analyses of the phenocrysts alone can lead 
to erroneous classification. This difficulty is overcome utilizing whole rock
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geochemistry.
X-ray fluorescence spectrometry was used to determine the major oxide 
components of seven representative samples. Trace element concentrations 
were determined using neutron activation. Samples chosen for analyses were 
representative of major igneous rock types found in the West Butte complex. 
The effects of alteration and weathering were minimized by analyzing the 
freshest samples obtainable.
Analyses were performed by various labs. Detection limits are listed in 
table 2. Results of these analyses are in table 3. CIPW norms were calculated 
and are in table 4.
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Table 2 -
Element Actlabs XRAL
Au 2  ppb 2  ppb
Cr 0.5 ppm 0.5 ppm
t 1 ppb 5 ppb
Sc 0.1 ppm 0.01  ppm
U 0.1 ppm 0.1 ppm
Nd 1 ppm 3 ppm
Yb 0.05 ppm 0.05 ppm
As 1 ppm 1 ppm
Cs 0 .2  ppm 0.5 ppm
Mo 2  ppm 2  ppm
Se 0.5 ppm 1 ppm
W 1 ppm 1 ppm
Sm 0.01  ppm 0.01 ppm
Lu 0.01  ppm 0.01  ppm
Br 0.5 ppm 0.5 ppm
Hf 0 .2  ppm 0 .2  ppm
Rb 10  ppm 10  ppm
Ta 0.3 ppm 0.5 ppm
La 0,1 ppm 0.1 ppm
Eu 0.5 ppm 0.5 ppm
Co 0.1 ppm 0.5 ppm
Hg 1 ppm no analyses done
Sb 0.1 ppm 0.1 ppm
Th 0.1 ppm 0 .2  ppm
Ce 1 ppm 1 ppm
Tb 0.1 ppm 0.1 ppm
Mi no analyses done 50 ppm
Zn no analyses done 2 0  ppm
Sr no analyses done 100  ppm
Ag no analyses done 2  ppm
Ba no analyses done 50 ppm
Eu no analyses done 0-05 ppm
The igneous rocks of the West Butte complex were classified using 
methods developed by Le Bas and others (1986). The combined Na20 and KgO 
weight percent is plotted against S i02 weight percent of each sample (figure 7). 
Points falling within some fields are further classified. For example, samples 
falling within the trachyte-trachydacite fields are further partitioned on the basis 
of their normative quartz content. Samples 9442, 9462 and 9470 all lie within 
the trachyte-trachydacite field and all contain less than 20% normative quartz. 
They are classified as trachytes. Samples 9454 and 9467 lie within the
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Table 3 Whole Rock Analyses
Sample 9 4 4 2 9 4 5 4 9 4 6 2 9 4 6 6 9 4 6 7 9 4 7 0 9 5 0 0
rock trachvte ia tite trachvte phonolite Ia t ite trachvte tep h rite
S Î02 63.32 62.45 68.30 61.40 57.50 65.80 43.68
T i0 2 0.15 0.43 0.25 0.14 0.56 0.18 0.90
A I203 19.27 17.16 16.48 20.00 16.10 17.80 12.45
Fe203 1.78 .....4.91..... _^._27_ 1.64 6.85 1.81 6.33
FeO 0.40 2.30 0.20 0.30 2.90 0.40 3.36
MnO 0.10 0.12 0.06 0.09 0.16 0.08 0.19
MgO 0.21 1.38 0.32 0.22 3.45 0.32 6.74
CaO 2.24 4.06 1.96 0.98 6.07 2.34 11.74
Na20 7.82 4.85 5.93 8.84 4.24 6.20 6.14
K20 ..... 5 .0 1 ..... 3.25 5.61 5.23 3.44 3.49 0.60
P 205 0.21 0.27 0.09 0.03 0.32 0.07 1.28
LOI 0.85 0.45 0.70 O.ÔÏ 0.16 1.35 4.08
TOTAL 101.36 101.63 102.17 100.62 102.44 99.50 97.49
Au 0 0 0 7 0.011 0.005 <0.002
Ca 16000 29000 14000 7Ô00 43400 16700 84000
Mg 1266 8 3 21 1929 1326 20800 1929 40600
K 20800 13500 23300 21700 14300 14500 249
Na 58000 36000 44000 65600 31500 46009 43300
Sc 0.71 7.46 2.28 16
C r 48 14 14 90 160 ____97 31
N i <50 <50 <50 2 20 3 <50
Zn 70 50 1 80 140
F 1190 590 471 1800
As 2 1 1 4
Se <1 <1 <1 <0.5
B r 3.5 3.3 3.8 <0.5
Mo <2 <2 4
Ag <2 <2 <2 <2
Sb 0.5 0.2 0.4 0.1
Cs 9.2 1.1 3.2 0.7
Ba 400 1200 860 102 878 910 1600
La 28.3 28.2 22.3 27.9 26.6 12.7 178
Ce 44 51 39 42 48 20 331
Nd 14 20 14 11 20 7 147
Sm 1.76 3.71 2.24 19
Eu 0.48 1.24 0.88 0.2 .......1.5....... 1.2 4.32
Tb 0.1 0.4 0.3 <0.5 1.2
Yb 0.31 0.98 1.19 0.9 0.5 1.97
Lu INF 0.14 0.17 0.14 0.11 0.29
Hf 6.4 3.5 5.6 4.8 2.8 2.7 4.5
Ta <0.5 <0.5 <0.5 <1.0 1.7
W 3 3 1 <1
1 r <0.005 <0.005 <0.005 <0.001
Th 20 6.7 16 19 5 4.8 20
U 10.5 2.8 5.8 10.6 3.4 2.8 2.5
Rb 204 86 187 201 89 122 33
S r 713 1420 684 178 1070 1500 3000
Co 4.6 1 1 4.9 34
Hg <1
H 2 0 + 0.5 0.3 0.4 1.6 0.7 0.8 1.9
H 2 0 - 0.2 0.1 0.1 0.1 0.3 0.2 1.9
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Table 4 CIPW norms
Samole 9442 9454 9462 9466 9467 9470 9500
Ap 0.49 0.63 0.21 0.07 0.75 0.16 2.99
II 0.29 0.83 0.47 0.26 1.07 0.34 1.71
Mt 1.17 6.56 0.13 0-87 8.26 1.03 8.86
Or 29.60 19.20 33.14 30.90 20.32 20.61 3.55
Ab 56.70 1.06 50.19 49.47 35.88 52.46 17.02
An 2.69 15.43 1.76 0.00 14.74 10.43 4.64
Di 1.13 2.28 1.72 1.18 10.32 0.56 35.16
Hy 0.00 2.37 0.00 0.00 3.79 0.54 0.00
Cl 0.00 0.00 0.00 0.00 0.00 0.00 0.33
Ne 5.12 0.00 0.00 13.16 0.00 0.00 18.93
Ac 0.00 0.00 0.00 0.92 0.00 0.00 0.00
Q 0.00 12.44 9.51 0.00 5.30 11.25 0.00
Hm 0.98 0.40 2.19 0.73 1.17 1.11 0.23
Wo 2.33 0.00 2.15 1.31 0.00 0.00 0.00
Total 100.51 101.18 101.47 98.87 101.59 98.49 93.41
A 83.21 47.00 79.14 85.73 35.49 78.01 28.23
M 1.36 8.00 2.19 1.34 15.94 2.58 28.23
F 15.43 44.99 18.67 12.93 48.57 19.41 43.54
Q 48.39 51.31 51.75 47.05 48.34 52.27 42.61
M 4.27 10.00 4.60 3.73 17.55 2.93 29.71
L 47.35 38.69 43.65 49.22 34.11 44.80 27.67
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Figure 7 Total Alkaline vs Silica Diagram
NagO + KgO 
wt. %
14
Ty® \  Tyd
Btya
Tyb
Bn
Ba
Pcb
9500
9454
9470
9466
9462
9442
9467
40 45 50 55 60 65 70 75
S i Og wt %  from LeBas et al.. 1986)
Diagram shows plots of seven rocks, collected at West Butte, Montana.
Legend: A=andesite, B=basalt, Ba=basaltic andésite, Bn=basanite, 
Btya=basaltic trachyandesite, D=dacite, F=foidite, P= phonolite, 
Pcb=picrobasalt, Pt=phonotephrite, R=rhyolite, T=tephrite,
Tya=trachyandesite, Tyb=trachybasalt, Tyd=trachydacite,
Tp=tephriphonolite, Ty=trachyte
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Table 5 Classification based on chemical analyses
sample 9 4 4 2 9 4 5 4 1 9 4 6 2 i 9 4 6 6 9 4 6 7 9 4 7 0 9 5 0 0
S i02 63.32 62.45 68.3 61.4 57.5 65.3 i 43.68
Na20 7.82 4.85 5 .9 3 ... ......a i l .. 4.24 6.2 6.14
K20 5.01 3.25 5.61 5.23 3.44 3.49 0.6
A I203 19.27 17.16 16.48 20 16.1 17.8 12.45
CaO 2.24 4.06 1.96 0.98 6.07 2.34 11.74
field design. Ty Tya Ty P Tya Ty T
K or Na neither neither neither 1 neither neither neither sodic
Si saturation saturated saturated saturated under saturated saturated under
Al saturation meta-lum. meta-lum. [ meta-lum. 1 meta-lum. meta-lim. meta-lum meta-lum
alk/lim e index calcic calcic calcic calcic calc-alk j calcic alkalic
name trachvte tva trachvte i Dhonolite tva trachvte teohrite
Figure 7 presents the results of several classification schemes. Concentrations of major 
oxides were recaluWted from the raw data to exclude H2 O + CO2  and then normalized to 100%, 
(Le Bas, et. 1986) Field designation refers to the samples plotted location on the Total 
Alkaline vsSilica Diagram, figure 6 . Within all f i^ s  except for Tb, Btya and Ta, the sample can be 
designated potassic or sodic depending on these equations;
Na20 - 4 > K2 O 
Na20 < K2O
sodic
potassic
For fields Tb, Btya and Ta, potassic or sodic designations depend on these equations:
N a2 0 -2 > K 20
N a2 0 -2 <K 20
sodic
potassic
Fields P, Tp, R  and T are under saturated in silica. Fields T ^ , Btya, Tya, Ty and Tyd are saturated 
in silica while fields Ba, A and D are oversaturated in silica.
Alumina saturation is determined by these equations. (Hyndman, 1985):
AI2 O3  > Na2 0  + K2 O + CaO
AI2 O3  > Na2 0  + K2O < Na2 0  + K2 O + CaO
AI2 O3  = Na2 0  + K2 O
AI2 O3  < Na2 0  + K2 O
peraluminous
metaluminous
subluminous
peralkaline
Alkali - lime index subdivisions are determined by these equations, (Hjmdman, 1985):
>61% Si0 2  calcic 
56 - 61% Si02 calc-alkalic
51 - 56% Si02 alkalic-calcic 
<51% S i02 alkalic
The name corresponds to the field designation with three added specifications, (Le Bas et. al., 
1986):
1 . Within theTy/Tyd field, trachytes contain less than 20% normative quartz, while 
trachydacites contain more them 2 0 % normative quartz.
2. Within the Tya field, latites are potassic while shonshonites are sodic.
3. Within the T /Bn field, tephrltes contain less than 10% normative olivine 
while basanites contain more than 10% normative olivine.
36
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trachyandesite field. Sample 9500 lies In the tephrite-basanite field and is 
further classified using its normative olivine content. Because it contains less 
than 10% normative olivine it is a tephrite and not a basanite. Table 5 
summarizes this scheme and several others.
Petroaenesis
The West Butte Complex contains four mappable igneous units; 
trachyandesite, trachyte, phonolite and tephrite. Processes that could produce 
the magma types include separate magma sources, the differentiation of a 
single parental magma by crystal fractionation, and the mixing of two unrelated 
parental magmas.
Crystal Fractionation
Scatter plots have been used effectively in determining which 
mechanism might have operated. Four scatter plots are shown in figure 8, 
evaluating whether a single magma could have differentiated into the four rock 
types. Removal of the most abundant phenocrysts (potassic feldspar and 
plagioclase) are shown. The composition of the potassic feldspar was 
determined optically by measuring the refractive index, ny, of a crystal using a 
grain mount. The refractive index of 1.524 corresponds to a composition of 
OrsO'Alao. 01* sanidine (Troger, 1952). Also measuring ny of several 
plagioclase crystals determined the refractive index to be 1.548 or a 
composition of Ab65-An35, which is andesine (Troger, 1952). From these data 
the weight percentages of AI2O3, CaO, K2O and Na203 within the feldspars 
were plotted on four separate plots. A point along the line between the 
andesine-sanidine composition represents the proportion of andesine-sanidine 
removed. The ratio of andesine to sanidine is roughly 50:50 in the
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Figure 8 Differentiation diagram of ail rock types from a 
felsic magma by the removal of early formed 
andesine and sanidine phenocrysts.
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trachyandesite but may b e l0:90 in the trachyte. Superimposed upon the 
phenocryst compositions are the compositions of the seven rocks. A t)est-fit line 
is drawn through the seven composition points.
If the removal of andesine and sanidine is a plausible mechanism to 
explain the compositional variability, then the trend of the best-fit line should 
intersect a point located on the line connecting andesine and sanidine. Also, 
the bulk of the rock compositions should lie on the mafic side of the 
phenocrysts. The removal of these siliceous phenocrysts should cause the 
remaining melt to be deleted in silica. This supposes that the parental magma is 
about 65% Si02, 2-3% CaO, 3-4% K2O and 5% Na203 . None of the four 
graphs have this trend. Two trachytes are more siliceous than sanidine. Clearly 
the removal of sanidine and andesine cannot increase Si0 2  content and 
account for those magma types. Only a parental magma of very high silica 
content could account for these trends, but a very siliceous magma is also very 
viscous and not conductive to crystal fractionation processes driven by density 
contrasts.
Figure 9 has five scatter diagrams with the composition of the dominant 
mafic phenocrysts plotted on them. Again, lines connect the phenocryst 
compositions. These compositions of augite, biotite and hornblende are from 
Deer and others (1963, 1964). Because these compositions vary among rock 
type, those apparently most similar to the West Butte rocks were used. As in 
figure 8, all seven rock compositions were plotted and a best-fit line constructed. 
In this series of plots, consider a mafic parental magma having 45% Si02, 10- 
12% CaO, 5% FeO, 8% MgO and 4-6% Na203 , or the approximate composition 
of the tephrite. If the tephrite, or similar type rock was the parental magma, the 
removal of early formed mafic phenocrysts should increase silica and deplete 
aluminum, calcium, iron, magnesium and sodium in the remaining melt. This
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Figure 9 Formation of all rock types from a mafic 
magma by the separation of augite, 
biotite and hornblende phenocrysts.
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trend is apparent only in the plots of S i02 vs CaO and S i02 vs MgO; the trend is 
not evident In the remaining plots. Evidence of magmatic fractionation by the 
removal of mafic phenocrysts, forming this rock suite is therefore inconclusive.
Magma Mixing
The two most abundant ingeous rocks at West Butte are trachyte and 
trachyandesite. A mixture of these type magmas would produce rocks of an 
intermediate composition. Figure 10, parts A and B, have the seven rock 
compositions plotted on ten oxide vs silica diagrams. Initially the three trachytes 
and two trachyandesites were plotted and best-fit line constructed for each.
Then the composition of the remaining phonolite and tephrite were added to the 
plots.
If mixing of trachyte and trachyandesite magmas occurred, their best-fit 
lines should be roughly parallel, with the phonolite and tephrite compositions 
lying near the common trend. Only two plots, S i02 vs MnO and S i02 vs P2O5, 
have parallel best-fit lines. The remaining eight have best-fit lines that are 
divergent, some nearly orthogonal to each other. In addition, the phonolite plots 
near the best fit line of the trachytes in most cases. The tephrite is not strongly 
associated with either trend.
This series of graphs discount any commonality between trachyte and 
trachyandesite. The data suggest that the three magmas, trachyandesite, 
trachyte and tephrite formed separately, possibly from different sources.
However, because phonolite consistently falls on the best-fit line of the 
trachytes, its possible that it may be a differentiation product of trachyte.
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Figure 10A Magma mixing of 
trachyandesite and 
trachyte.
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Figure 10B Magma mixing of 
trachyandesite and 
trachyte.
♦ trachyandesite 
■ phonolite 
o tephrite 
□ trachyte
I
40 50 60 70
S i02
0.2
9z
0.0
40 50 60 70
S i02
70605040
8
Z
6 -
40 50 7060
S i02
0.8
0.6
S  0.4 
r -
0.2
0.0
6040 50 70
S i02 S i02
43
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
44
Differentiation of Trachyte
The differentiation of trachyte to form phonolite may have been 
accomplished by the removal of andeslne and sanidine. To test this, four 
additional graphs were constructed and presented in figure 11. These graphs 
are similar to those in figure 8. but with only the trachyte and phonolite 
compositions plotted. Also, only the crystal fractionation (removal) of sanidine 
and andeslne phenocrysts was considered as the differentatlon mechanism. 
Mafic phenocrysts are rare in the trachytes, and their removal is not considered 
a viable means of forming phonolite. As before, a line connects the 
compositions of the two phenocrysts and a best-fit line was drawn for the four 
samples.
Only the graph of SiOg vs KgO supports crystal fractionation. Removal of 
sanidine and andeslne in a proportion of 60% andeslne and 40% sanidine 
drives the melt composition toward phonolite However, phenocryst removal 
cannot account for the SiOg vs NagOa trend because the phonolite is enriched 
in sodium, compared to the trachytes and the phenocrysts. Therefore, the 
removal of Na-bearing feldspars cannot account for the sodlc-rich phonolite.
Gaseous Transfer
Because the removal of the Na-bearIng feldspars would not result in the 
formation of sodium-rich phonolite, another mechanism is needed. Gaseous 
transfer or volatile streaming may be such a mechanism. If this operated, then 
the phonolite should be enriched In those elements most soluble In the 
vaporous phase. According to RIttmann (1975) Na, Fe, Mn, Tl, P, Rb. La, Ce, Y, 
Zr, Nb and U are pneumatophillc elements or elements that are much more 
soluble in a gas rather than In the melt phase, and therefore able to leave the 
melt and form a pyromagma. Other elements are pneumatophobic or insoluble
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Figure 11 Formation of phonolite from trachyte by the 
removal of early formed andeslne and sanidine 
phenocrysts.
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in vapor. Pneumatophobic elements include Ca, Mg, Cr and V and concentrate 
in the residual melt. Elements, like Si, At and K are amphotericalic, behaving 
either pneumatophobically or pneumatophilically depending upon the magma 
composition. Si, AI and K, for example, are pneumatophobic in basic magmas 
but pneumatophillc in acid magmas. An acid magma contains at least 66% 
S i02, according to the AGI Dictionary of Geological Terms. The trachytes of 
West Butte are acidic or nearly so, having S i02 values of 63%, 68% and 65% 
with H2O. Therefore in these magmas Si, AI and K are much more soluble in 
the gaseous phase.
If gaseous transfer processes or volatile streaming formed the phonolite, 
then it should be enriched in pneumatophillc elements while the trachyte should 
be depleted in them. Figure 12 parts A and B, are ternary plots with two 
pneumatophobic or Insoluble compounds, CaO and MgO occupying the top 
and lower right corners of the triangle. A pneumatophillc oxide occupies the 
lower left corner. If gaseous transfer operated during the formation of phonolite, 
then the phonolite composition, compared with the trachyte com positon, should 
lie toward the pneumatophilic or lower left corner.
An examination of the ternary plots in figure 12 reveals that phonolite is 
enriched In Al, Fe, K, Mn. Na, Si and Ti, over the trachyte. Only a single element, 
P, fails to follow this trend. These graphs support the hypothesis that the 
phonolite at West Butte differentiated from the trachyte by the process of volatile 
transfer.
Because rubidium is much more pneumatophillc than potassium In 
chlorides, Rittman (1975) states that the ratio of K/Rb should be least in the 
uppermost pyromagmatic phase, such as the phonolite, and it should gradually 
increase in the deeper hypomagmatic phases, such as the trachyte. The 
following table summarizes data derived from the whole rock analyses.
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Figure 12A Gaseous Transfer Diagrams
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Figure 12B Gaseous Transfer Diagrams
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Table 6 Potassium /  Rubidium Ratios
Sample_______Rock________________Kfpom)______________Rb(DPm)____________ K/Rb
9466 phonolite 21708 201 108
9442 trachyte 20795 204 102
9462 trachyte 23285 187 124.5
9470 trachyte 14485 122 118
The K/Rb ratio of the trachyte averages 114.8. The K/Rb of the phonolite 
Is 108. This statistically weak correlation nonetheless, also supports the 
hypothesis that phonolite differentiated from the trachyte by the gaseous 
transfer of pneumatophllllc elements.
Field relationships also support this conclusion. First, phonolite mapped 
at West Butte Is volumetrlcally much less than trachyte. Secondly, It lies In 
contact with the trachyte. Thirdly, perhaps coincidentally, the phonolite Is found 
near the hydrothermally altered diatremes.
Summary
The removal of sanidine and andeslne phenocrysts from a felsic magma 
to form trachyandesite and trachyte was not supported by the geochemical data 
from West Butte intrusions. The data also fall to Indicate that the removal of early 
formed augite, biotite and hornblende phenocrysts from a parental mafic 
magma such as tephrite. produced the trachyandesite, trachyte and phonolite A 
mixing of trachyandesite and trachyte was discounted when best-fit lines 
constructed though each rock group failed to show any commonality between 
the compositions of the two magmas. The same graphs (figures 10A and 10B) 
indicate that trachyandesite, trachyte and tephrite have distinct compositions.
However, the composition of the phonolite consistently fell on the
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trachyte trend. Removal of early formed sanidine and andesine as a possible 
differentiation mechanism was discounted when plots failed to show the 
compositional trend of phonolite and trachyte agreeing with the path the 
remaining melt would have taken. A series of ternary plots of pneumatophilic 
and pneumatophobic elements indicated that the phonolite is enriched in 
elements that are much more soluble in a gaseous phase. Therefore, phonolite 
may have differentiated from the trachyte, not by crystal fractionation, but by 
enrichment of those elements that undergo increased solubility and mobility in a 
vaporous phase.
Trachyandesite and tephrite have shown no commonalty with each other 
or with the trachyte. Its probable that these three rock types originated from 
three distinct and separate sources.
Economic Geology
Geochemical Data
Elam, Utah International, and Lehmann and Associates throughout the 
1980's and the early 1990's collected rock and soil samples and conducted 291 
analyses for precious and base metals in the WBC. These data were used to 
determine the areal extent of gold, arsenic, tellurium, barium, zinc and lead. 
Samples were collected by myself and others, with locations and metal 
concentrations plotted on maps. All assay results listed in Appendices G and H.
The acquired data indicated a north-east trend of elevated base and 
precious metal concentrations occurring near the diatremes. This prompted 
Coeur Explorations to conduct a soil survey in the central part of the West Butte 
complex.
A preliminary soil survey was conducted in May of 1993. Samples were 
collected from the B-soil horizon only. Descriptions, in Appendix B, include the
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thickness of the A-soil horizon, water content, color, clay content, rock to soil 
ratio, lithology and alteration of the float. The first eleven samples were 
partitioned into four grain size fractions and analyzed. The four fractions were; 
(+20m), (-20m +80m), (-80m +200m), and (+200m). These analyses indicated 
metals, including gold, had concentrated best in the (-80m +200m) fraction. 
Only this size fraction was analysed in subsequent samples.
Analyses for gold, molybdenum, zinc, silver and arsenic, were done on 
the next thirty samples. An additional 106 samples were analyzed for gold only. 
The sample sites were 250 feet apart along north-south lines spaced 500 feet 
apart. The polygon on Plates 1 and 3 represents the geographic extent of the 
soil survey. In total, 147 sites were sampled, dry sieved and analyzed for gold 
content. At three sites, a second sample was collected. Stream sediment was 
analyzed from a single site. Of the 150 samples in the (-80m +200m) fraction, 61 
were analyzed again using wet sieving techniques. Wet sieving tended to 
concentrate the gold in most samples. Results from wet sieving, and 
concentrations of other elements were not plotted due to the limited numtjer of 
samples.
Utilizing PC Explorer software, all soil sampling and rock chip sample 
locations were digitized and linked to the geochemical data, creating a set of 
assay-location maps. The program constructed five maps utilizing rock chip 
data, and an additional map of gold distribution based on soil samples. Metal 
concentrations (gold, arsenic, barium and tellurium plus the average of the 
combined lead and zinc concentrations) were then manually contoured and are 
presented in figures 13 through 18.
The contoured maps serve as the basis for discussion. However, contour 
data can be a subjective exercise with in some cases, multiple interpretations 
possible. Nevertheless, the plates reveal geochemical trends that are consistent
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with other observed features including the trend of the apparently fault 
controlled drainages.
Figures 13 through 18 depict differing linear trends of mineralization, 
depending upon the specific metal. The dominant trend of gold, lead, zinc, 
arsenic, barium, and tellurium averages N40-45 degrees, is one kilometer in 
width, and up to two kilometers in length. Within this large area exist four or five 
distinct, parallel, linear zones of Increased metal concentration. These zones 
appear to be ten's of meters in width and are spaced approximately 300 m 
apart. The linear zones all trend northeast-southwest. This trend parallels the 
direction of Kicking Horse and MacDonald Creeks. Figure 19 illustrates the 
lineament connecting the two creeks, and intersecting the known mineralized 
zone. Of the six, anomalously concentrated elements, gold, lead and zinc favor 
this trend (figures 15 and 16). Arsenic, barium, tellurium and arsenic (figures 13, 
14 and 17) are less concentrated along this trend and show greater dispersion 
outside the linear zones
A second, narrower mineralized zone trends northwest at approximately 
N315 or N45W. The maximum width of this zone is roughly 300 m and the 
length is approximately one kilometer. Within the northwest trending zone, exist 
two narrow mineralized lineaments that persist for possibly up to three 
kilometers. This northwest trending zone connects Fred and George Creek with 
upper Deer Creek. The zone does not intersect the main mineralized zone, but 
suggests the existence of a second joint or fracture set trending northwest. 
Barium, tellurium and base metals are more concentrated in the northwest 
trending structures than the northeast trending structures.
The distribution of lead, zinc and gold (figures 15 and 16) suggests a 
third lineament trending north-south, connecting the upper tributary of Pratt 
Canyon with the western fork of upper Deer Creek.
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The gold-bearing linear trends defined by rock chip sampling were 
confirmed by soil sampling. Figure 18, constructed from regularly spaced soil 
samples reveals mineralized zones similar in location, size and trend to zones 
defined by the rock-chip sampling. Parts per billion gold (ppb) derived from the 
(-80m +200m) fraction are plotted on figure 18. The 30 ppb contour corresponds 
with the southern and peripheral areas of the diatremes, indicating higher gold 
concentrations within the diatremes. However this anomaly also corresponds 
with the high alkaline phonolite and crosses a large expanse of trachyandesite.
Adjacent areas of trachyandesite are barren of gold and within the 
phonolite there are several very low values, near background levels. Areas 
greater than 30 ppb gold trend roughly northeast-southwest across several 
lithologies, with areas of 75 ppb gold exhibiting this trend more distinctly.
Soil sampling defines the dominant mineralized zone. It trends N60 and 
is 600 m wide (figure 18). A second mineralized zone trends N310 and appears 
to be 150 - 200 m wide. Within the large, northeast-trending zone, distinct linear 
trends of increased metal concentration exist. Additional, northeast trending, 
narrow zones of mineralization intersect the northwest trend. The orientation, 
spacing and areal extent of the northeast trending lineaments is similar to the 
structures revealed by rock-chip sampling.
In summary, mineralization at West Butte occurs in two, nearly 
perpendicular linear zones composed of parallel narrow bands of mineralized 
rock. One segment trends northeast and is approximately one kilometer wide by 
at least two kilometers in length. The north-east-striking trend of metal 
concentration is likely structurally-controlled, either by a fracture zone or a fault. 
Mapping did not uncover this structure but topographical indications exist.
Three major drainages. Kicking Horse Canyon, Pratt Canyon and MacDonald 
Creek all trend northeast and are parallel to the geochemical anomaly.
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Figure 19 Major Structural Lineaments of West Butte
igneous rock bodies
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A prominent ridge of black shale has the same trend and is located northeast of 
the anomaly. This ridge may be erosionally resistant because of partial 
silicification by fluids channeled by the fracture zone.
A second mineralized segment intersects the southwest end of the 
dominant trend and extends one and one half kilometers to the northwest. The 
trend of Fred and George Creek and Deer Creek coincides with this mineralized 
segment. The width of the northwest trending zone is roughly one half kilometer.
A third mineralized segment trends north-south, connecting upper Pratt 
Canyon with the western fork of Deer Creek.
The mineralization along all trends is not limited to any single lithology, 
cutting across trachyandesite, trachyte, phonolite and diatremes. The eastern­
most diatreme is pervasively mineralized while mineralization apparently skirts 
the perimeter of the western diatreme. The intersection of northeast and 
northwest trending structures may have controlled the location of the breccia 
zones.
Areas of Alteration
The type and location of zones of both hypogene and supergene 
alteration were recognized during mapping and soil sampling. Alteration 
minerals include albite, epidote, chlorite, quartz, pyrite, chalcopyrite, calcite, 
pyrrhotite, magnetite, sericite-muscovite. Supergene alteration minerals include 
clays and iron oxides including jarosite, hematite and goethite. Of these the 
most easily identifiable and useful minerals were epidote, chlorite, quartz, 
pyrite, magnetite, clays and iron oxides
The occurrence of epidote and/or chlorite identifies the "propylitic" zone 
which roughly coincides with perimeter of the West Butte complex (Plate 3). The 
chlorite has partially to wholly replaced hornblende and pyroxene. It also
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formed on the edges of feldspar grains and is visible in the groundmass in 
places. Most of the trachyandesite and trachyte throughout the complex has 
visible traces of chlorite of a distinctly greenish appearance. Epidote is much 
rarer, but where found occurs as small flecks in plagioclase or as thin coatings 
on fracture surfaces. Magnetite, although not depicted on Plate 3 Is as common 
as chlorite, and is found in most trachyandesites.
Argillic zones of alteration were identified by the presence of clays. Very 
rarely did I find examples of advanced argillic alteration consisting of 
predominately white kaolinitic clays. More commonly, the argillic alteration was 
such that the original texture and mineralogy were preserved, but with the 
feldspar phenocrysts and the groundmass partially altered to clay minerals. It is 
possible that this alteration is the result of supergene processes
Unlike the widespread propylitic alteration, the argillically altered rocks 
form smaller, more discrete zones which coincide with the breccias. Both the 
east and west breccia pipes contain rock which is argillically altered, and the 
argillic alteration continues between the two pipes across regions of phonolite 
and trachyte.
Weak argillic alteration also occurs in the numerous dikes and isolated 
outcrops north and slightly east of the breccia pipes. This type of alteration, with 
the exception of a few dikes, did not effect the trachyandesite.
Pyrite-bearing zones are also illustrated on Plate 3. They coincide with 
the argillic zones with a few exceptions. The strongest and most contiguous 
concentration of pyrite occurs near the breccia pipes with the accompanying 
argillic alteration. Although the extent of pyrite exceeds that of the argillic 
alteration, the two forms of alteration seem spatially linked. But not all pyrite is 
confined or found near the zones of argillic alteration. For example, strong pyrite 
mineralization has formed at the base of the northwest side of the largest
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laccolith. It developed at the contact between the trachyandesite and a 
carbonaceous unit of the Marias Shale together with garnets. In places, a very 
strong gossan has subsequently developed. The gossan contains both pyrite 
and magnetite in concentrations greater than 10% by volume. The gossan also 
containes traces of chalcopyrite, (samples 9455 and 9456) but essentially no 
silver or gold.
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Discussion
Significance of Regional Structural Trends
Northeastern and northwestern-trending structures dominate north- 
central Montana. Most northeast-trending structures, Including the Pendroy fault 
zone, the Scapegoat-Bannatyne trend, the Bearpaw Arch, the Cyprus Hill arch, 
the Missouri River trend, the Swift Current and Tyner paleovallys are believed to 
be as old as early Paleozoic or late Proterozoic in age, and have undergone 
periods of reactivation as late as the Tertiary. O’Neill and Lopez (1985) 
document northeast-trending structures from central-southern Idaho, though 
Montana and possibly to the Hudson Bay region, figure 1.
The northwest-trending structures generally parallel erogenic belts 
dating from the Jurassic to the present day. Major northwest-trending structures 
include the strike of the Montana disturbed belt. Rocky Mountain thrusts, and 
several large normal faults such as the Mission fault and the Swan fault 
(Kleinkopf and Mudge, 1972).
Locally, metallic mineralization at West Butte trends northeasterly, as do 
the largest creeks emanating from the butte. A north-northwesteriy lineament 
may also influence some mineralization and also stream placement. Figures 13 
through 18 illustrate these trends. Therefore, geomorphical and geochemical 
features at West Butte have similar trends as regional features found throughout 
north-central Montana and southern Alberta. Is the same mechanism(s) 
controlling the similar trends, albeit on different scales? If so, how?
Kleinkopf and Mudge (1972) state that the Scapegoat-Bannatyne trend 
represents a basement fault that extends 16 km northeast and 16 km southeast 
of the town of Brady, Montana. However, the trend itself continues for 120 km to 
the south of the Sweetgrass Hills. Zeitz (1982) t>eiieves the same structure to be 
at least 300 km long. Geophysical coverage of southern Alberta is not available.
64
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The Pendroy trend parallels the Scapegoat-Bannatyne trend and is of similar 
length. The linear trend of gravity highs associated with the Pendroy fault zone 
is within 50 km of West Butte.
A reexamination of Smith’s (1970) Bouguer gravity anomaly map, figure 
20, reveals another possible trend parallel to and north of the Scapegoat- 
Bannatyne and Pendroy trends. This trend connects Bouguer values of -140 
mgal near the eastern limit of the Disturbed Belt, thorough the -80 mgal value of 
the Kevtn-Sunburst Dome, and then possibly continuing into the Sweetgrass 
Hills. Bouguer values within the Sweetgrass Hills range from -80 mgal to -90 
mgal. These values approximately equal those found in the Scapegoat- 
Bannatyne and Pendroy trends. Gravity contours along this trend are not as 
distinct as those In the Scapegoat-Bannatyne and Pendroy trends because of 
the possible influence of the Sweetgrass Arch. Additionally, O'Neill and Lopez 
(1985) indicates a northeasterly trending negative Bouger anomaly that 
appears to originate in the Sweetgrass Hills and terminates in southwest 
Saskatchewan.
The origin of these Bouguer gravity trends is unknown, but O’Neill and 
Lopez (1982) include these trends in the regional Great Falls tectonic zone. The 
Great Falls tectonic zone seems to delineate the northwestern boundary of the 
Archean Wyoming province in Montana, and is aligned with the boundary that 
separates the Archean Superior province from the Proterozoic Churchill 
province in the Hudson Bay region (figure 21). Whether the Great Falls tectonic 
zone is a similar boundary between two Precambrian terranes is not known, 
however similarities exist between the Great Falls tectonic zone and the 
Superior-Churchill boundary (O'Neill and Lopez, 1985).
As the Superior-Churchill boundary is approached from the southeast in 
Canada, K-Ar dates of the Archean rocks decrease. This is attributed to
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Figure 20 Bouguer gravity anomaly map of western and 
central Montana
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Figure 21 Distribution of Archean and Proterozoic rock units
tjGBEAT FALLS ' 
TECTQNJC: ZONE '
;n a k e  .R ivenRLAIN
'■'X
500 KILOMETERS
500 MILES
(modified from O'Neill and Lopez, 1985)
67
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
68
retrograde metamorphism caused by the deformation of the Churchill province. 
In Montana, K-Ar age dates of Archean rocks were reset responding to a 
thermal or metamorphic event about 1.6 Ga. This metamorphic episode 
coincides with the Churchill orogeny.
Both the Great Falls tectonic zone and the Superior-Churchill boundary 
are marked by major northeast-trending geologic features Including major 
faults, topographic lineaments, gravity and magnetic anomalies, mineralization, 
and Igneous bodies. The strong northeast trending grain contrasts sharply with 
the nonlinear structures southward In the Archean terranes of the Superior and 
Wyoming provinces.
Mutschler and others (1991) offer a kinematic model linking the Great 
Falls tectonic zone and gold deposition within the Central Montana alkallc 
province. They proposed that the Great Falls tectonic zone acted as a releasing 
bend between the Columbia and the Central tectonic belts, figure 22. 
Northwest-southeast extension along the Great Falls tectonic zone may have 
resulted In the upwelling of hot. deep asthenospheric mantle beneath a thinned 
lithosphere. This may trigger decompression melting, diaplric magma rise, 
localized crustal ponding or crustal penetration accounting for the variety of 
Igneous and topographic features found throughout the Central Montana alkallc 
province. Furthermore, large, hydrothermal gold systems may be associated 
with fluids having a deep source, perhaps containing mantle components 
(Cameron, 1990). Deep-seated regional extension provides a conduit for gold- 
carrying, mantle-derived fluids. Their model therefore can account for a regional 
northeast-trending Eocene topographical dome. Eocene calc-alkallne 
magmatism, late Cretaceous-Eocene alkallc magmatism, and northeast- 
trending dike swarms.
Ktelnkopf (1991) states that the northeast and northwest trending
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magmatic and gravity anomalies may result from mafic sills and dikes 
associated with fracture zones within the Precambrian basement. The 
northeastern-trending fractures are due to extension along the Great Falls 
tectonic zone while the northwest-trending fractures are due to a relaxation of 
Laramide compression during the Eocene. In addition, these fracture zones 
influenced the emplacement of intrusive complexes. I suggest that northeast 
and northwest-trencfing, regional scale fracture zones controlled the 
emplacement of West Butte and subsequently, the emplacement of the 
diatremes and zones of metallic mineralization.
Sedimentary Units
At West Butte, I mapped undifferentiated Marias River Shale and 
Telegraph Creek formations. Distinction between members of the Marias River 
Shale Formation was not possible, due to a lack of identifiable fossils. My 
conclusions are drawn from the comparison of West Butte sedimentary rocks 
with the type section, as described by Cobban and others (1976). Even though 
individual members were not mapped, several outcrops may be identifiable. In 
particular, a conglomerate bed mapped at sample location 158 (Plate 2) may be 
the MacGowan Concretionary Bed, (Bed F of Erdmann, 1947). The limestone- 
marble bed mapped at the base of the West Butte laccolith may be the Cone 
Member partly because it contains ghosts of bedding several millimeters 
thick.The thickness is estimated at one to two meters and it is capped by a 
distinctive lavender gray and greenish gray mottled, silicified tuff (?). The tuff is 
estimated to be 0.5 m thick. This package is lithologically similar to the top 
several meters of the Cone Member.
The mottled tuff(?) lying on the marble bed, may be the bentonite layer in 
the topmost meter of the Cone Member. The marbteized tied may be the
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metamorphosed equivalent of the thinly bedded calcareous shales and 
limestone located within 3.4 m and 1.1 m of the top of the Cone member as 
described above.
Breccia Pipes 
Origin
Extensive areas of brecciated rock are found in the central portions of 
the West Butte complex. The explosive energy required to fracture surrounding 
rock and form the breccias could have originated in the magma chamber or 
been a result of the interaction of magma and water (hydrovolcanism). Various 
processes may form breccia pipes similar to those mapped at the West Butte 
complex. Baker and others (1986) classify breccia pipes into four groupings, 
based upon the mode of formation.
Hypabyssa! Breccia Pipes : small to large-scale bodies form at depths 
of around 0.5 to 2 km, associated with the escape of volatile rich fluids 
from a crystallizing melt.
Maar Volcanoes-Diatremes : large-scale, shallow level structures 
produced by the explosive interaction of an ascending magma body with 
groundwater.
Hydrothermal Eruption Breccias : relatively small structures produced at 
shallow levels by the explosive release of superheated steam and not 
involving any direct magmatic contribution
Fault-Related Breccia Pipes : small to moderate sized pipe-like forms of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
72
brecciated rock resulting from the intersection of vertical and near-vertical 
faults.
Sheridan and Wohletz (1981) defined hydrovolcanism as the interaction 
of magma or magmatic heat with an external source of water, such as a surface 
body or an aquifer. Hydrovolcanism produces the maar volcanoes-diatremes 
and hydrothermal eruption breccias described by Baker and others (1986). The 
energy released depends upon the ratio of water to magma, the physical state 
of the water (supercritical liquid, superheated steam, multiphase fluid or liquid), 
and the density of the mixture of fluids and particulates. Hydrovolcanic 
processes are evident at the surface as maar volcanoes, hot springs and 
geysers. The subsurface expression of these features is a cylindrical column of 
fragmented rock.
Norton and Cathles (1973) proposed another way to form breccias. They 
postulate that a growing vapor bubble can be trapped beneath a chilled, self- 
annealing rind of magma within an igneous body. Eventually the vaporous 
bubble, composed of exsolved volatiles, breeches the confining rind of 
hardened magma. The void created by the escaped vapor quickly fills with 
rubble derived from wall rock. Sufficiently molten magma can fill voids left in the 
pipe, otherwise it may retain its primary porosity and continue to act as a conduit 
for circulating hydrothermal fluids
Baker and others (1986) describe hypabyssal breccias pipes as 
cylindrical to carrot-shaped bodies of brecciated wallrock and intrusive material. 
They range in diameter from 10's of meters to over 1 km. They state the vertical 
extent of the pipes are several orders of magnitude greater than the diameter. If 
true, the vertical extent of the West Butte breccia pipes may be up to ten 
kilometers . However, the West Butte complex is thought to be epizonal with
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emplacement depth estimated at one to several kilometers. If true, the vertical 
dimension of the diatremes can be ten kilometers only if they extend beneath 
the emplacement level and originated in the mantle or a separate mesozonal 
pluton. However, evidence does not support this.
The intrusive rocks of the West Butte complex contain amphibolite and 
gneiss xenoliths derived from units below the emplacement level. These types 
of rocks, however are not found in the breccia pipes. Instead, the pipes contain 
clasts of sedimentary and igneous units found throughout the West Butte 
complex. The lack of amphibolite and gneiss clasts within the pipes supports 
magmatically formed breccias that originated within the West Butte complex.
Significance of Textures within the Breccia Pipes
Processes occurring within and near developing breccia pipes produce a 
variety of textures and clast lithologies. Stockwork fracturing and incipient 
brecciation are seen in slab BF-2, Appendix C. This texture results from 
hydraulic fracturing caused by over pressurized fluids in the upper portions of a 
diatreme (Baker et al., 1986).
Matrix-supported well rounded clasts are most common This texture is 
indicative of fluidization and occurs when the flow velocity within a liquid or gas- 
charged medium is sufficient to support coarse particulate material. The 
buoying action both abrades and transports clasts if velocities are high enough. 
Theoretically, a fluidized cell in a pipe transports clasts upward in the interior 
region of the cell, and downward near the perimeter. The result is a mixing of 
clasts of various lithologies. Prolonged milling and mixing results in spherical 
clasts of decreasing size, and a deposit with a greater percentage of matrix. As 
fluidization slows, entrained material falls out of suspension and compacts.
A zone of sheeted fractures commonly develops on the margins of pipes
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as wall rock slumps into the void. Host rock overlying the fluidized cell may 
slump resulting in surface subsidence. Precipitation of hydrothermal materials, 
commonly quartz, fills the fractures and voids, effectively cementing the 
unconsolidated material. Within milled breccia, mineralization is commonly low 
grade, despite sufficient permeability to allow the circulation of hydrothermal 
fluids, lack of porosity inhibits mineralization (Baker et al. 1986).
Baker and others (1986) associate textural characteristics with 
stratigraphie levels within a breccia pipe. The upper portion is characterized by 
large blocks of host rock that may show only slight displacement Pebble 
breccia dikes, with matrix and formed from fluidized volatiles also may occur. 
Milled breccia is characteristic of the middle portion of the pipe. Hydraulic 
fracturing may occur on the pipe margins forming a network of fractures with 
only slight displacement or rock fragments
The lower portion of the pipe is nearest to the site of the volatile-rich melt 
and the explosive activity which drives the system. The sudden evacuation of 
highly pressurized fluid from pores and fractures results in a greater percentage 
of angular, wedged-shaped clasts derived from intrusive rock near the 
explosive source. Clast rounding is less because of the physical separation 
from the most vigorous fluidization upwards in the pipe.
The nature of the suite of breccia samples collected throughout the West 
Butte complex supports a mid-level exposure of the pipe, (breccia samples are 
strongly milled and matrix supported). This conclusion is complicated by the 
possible existence of multiple pipes, conceivably emplaced at different levels 
and at different times.
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MetatUc Anomaly Trends and Possible Mechanisms of Metal 
Deposition '
Mineralized trends at the West Butte complex parallel the orientations of 
the major drainages (figures 13 through 19) suggesting that they may have 
been controlled by a conjugate set of structures trending northeast-southwest 
and northwest-southeast. The structure(s), not obvious at the surface, are 
thought to be fractures or possibly faults.
The prominent lineament, A in figure 19, trends N53, connecting Kicking 
Horse Creek, which drains the southwest portion of West Butte, with McDonald 
Creek, which drains the northeast area of the butte. This lineament intersects 
the breccia pipes and the northeast trending zones of metallic mineralization. 
This structure, at least 7.5 km long, cuts across all igneous and sedimentary 
lithologies.
A second lineament, B in figure 19, trends N308 and extends for at least 
6 km, connecting Fred and George Creek, in the southeast, with upper Deer 
Creek in the northern part of the complex. This lineament is not associated with 
mineralization, nor does it intersect the diatremes. It does, however, parallel 
mineralized lineaments found in the mineralized zone, and crosses lineament A 
at a location of increased gold, base metal, arsenic and barium concentrations.
Lineament C (figure 19) trends north-south and connects upper Limekiln 
Creek, the western tributary of Pratt Canyon and upper Deer Creek. This 
lineament also intersects thie western diatreme and the western edge of the 
mineralized zone. It is at least 7.5 km long and crosscuts trachyandesite, 
trachyte and sedimentary rocks. While gold is not associated with lineament C, 
increased concentrations of barium and tellurium occur along it.
The lineaments appear to be part of the broader, regional scale structural 
trends found throughout northern Montana. These structures greatly predate the
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Eocene ages of West Butte laccolith emplacement. If the regional lineaments 
are areas of deep seated fracturing, they could have acted as conduits that 
controlled the emplacement of magma and subsequent mineralization.
As the West Butte magmas rose upward and into the Marias River shale, 
they stretched the overlying sediment and rock, stressing the pre-existing 
fracture set. The intersection of lineaments A and C (figure 19) may have been 
either a weakened area In the overlying sedimentary rocks or a zone of 
heightened magmatic activity. At some point the overlying sedimentary rocks 
failed to contain the escalating pressures within the growing magma chamber. 
Volatiles within the magma chamber may then have flashed violently into vapor, 
fracturing the surrounding rocks and forming the breccia pipes at and near the 
Intersection of the two suspected fracture zones. The ensuring explosion 
possibly breached the paleo-surface or may have been contained at some 
depth t)eneath the paleo-surface.
The linear zones of metallic mineralization probably originated at or 
beneath the breccia pipes. The metals migrated from the source in a soluble 
state, dependent upon the maintenance of certain physical and geochemical 
conditions. Metals in solution, would infiltrate and traverse the fracture network, 
until the geochemical and or physical conditions such as temperature and 
pressure altered significantly to Initiate mineral deposition. As the solubility of 
the metal-bearing complex Ions in the low sulfide system decreased, metallic 
mineral precipitation occurred within the fracture network. Various mechanisms, 
Including boiling or an Increase in oxygen could initiate mineral deposition.
For example, an ore solution carrying metals as sulfide complexes, 
subjected to a sudden lose of pressure, or boiling would degas H2S(g>. The loss 
of H2S(g) and other acidic volatiles would initiate mineral deposition in either a 
sulfide complex system or a chloride complex system. Resealing and later
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venting could have occurred numerous times. With every pressure release, the 
pressure constraints that kept the metals soluble would change rapidly, thus 
triggering the deposition of metals along the antecedent, but reactivated fracture 
network.
Alternatively, rising fluids, with metals transported in sulfide complexes 
could precipitate sulfides after contacting an oxygen source, such as ground 
water. An increase in Ogvia contact with near surface groundwaters would 
decrease the pH, by forming H2S(g). (HS ' + H+ = H2S(g)) and also spur sulphate 
generation (S2+ + 02 = SO4). Both reactions reduce the amount of available 
bisulfide complex, also lessening effective metal transport.
After venting, which certainly occurred, inward collapse of overlying 
sedimentary rocks and subsequent silicification may resealed the magma 
chamber, allowing pressure to build again until another breach occurs. The 
predominance of highly milled clasts within the breccia suggests the existence 
of continuous, gas charged circulation within the magma chamber (Baker et al., 
1986) and the duration of the fluidized cell must have been protracted to abrade 
and round the clasts.
As the magma eventually cooled, decreasing temperature would slow 
the internal circulation. Fluid migration would likely continue for some time, 
being driven by residual magmatic heat. At some point, the crystalline shell of 
the magma chamber may fracture in response to cooling The linear bands of 
metallic mineralization crosscutting the igneous units suggest that mineral­
laden fluids continued to permeate the fresh fractures in the cooling magma for 
some time. Late mineralization of the central portions of the breccia pipes could 
have been impeded by the relatively low porosity and permeability within the 
strongly milled breccia (Baker et al., 1986). However, fracturing of the breccia 
pipes allowed the infiltration of late mineralizing fluids into the proximal
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formations. For example, the eastern breccia pipe appears to be more 
extensively mineralized than the western breccia pipe probably because it lies 
nearer to the northeast-trending fracture zone. The increased fracture density 
added permeability to the once previously impermeable milled breccia.
Eventually, all fluid migration, driven by residual magmatic heat, ceased. 
The 1200-1700 m of sediment above the laccoliths eroded in the ensuring 50 
million years, exhuming the laccoliths and breccia pipes. Erosion stripped any 
mineralized sedimentary rocks located stratigraphically above the laccoliths. 
Developing drainages followed and enhanced existing fractures where 
available. Existing mineralization is concentrated along the regional lineaments 
that once conducted fluids through the laccoliths at some point during their 
cooling history.
Problems and Suggestions for Additional Research
This thesis was very broad in its scope. It was meant as an 
encompassing overlook of the entire West Butte complex from basic mapping 
and formation descriptions to conjecture regarding the generation and evolution 
of ore bearing fluids. Many opportunities for additional geologic work exist in the 
West Butte region of the Sweet Grass Hills.
From an ore explorationist viewpoint, the most promising element of this 
report is probably the existence of the central breccia pipes. I mapped several 
breccia pipes, but are they connected at depth? What is the timing of the breccia 
pipes? If they are separated in time and space, which are the oldest, and how 
does it affect the gold grades? My surface chip sampling may not be 
representative of the true grade, if not, what is the true grade? Does ore grade 
improve with depth? Someone interested in skarn development may focus on 
the basal contact of the largest laccolith with the limy Cone Member(?) of the
78
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Marias River Shale Formation.
A stratigrapher may instead focus on the transition between the Marias 
River formation and the more clastic Telegraph Creek formation. Could this 
contact have played a role in the placement of the laccoliths at this depth?
An igneous petrographer may be interested in the magmatic evolution of 
the trachyte. What other tests can be employed to show that the phonolite is or 
is not a derivative of the trachyte? Is gaseous transfer a viable enrichment 
process for these rocks? Where are the feeder dikes that fed the laccoliths? If 
the trachyandesite, trachyte and tephrite are unrelated, are there three distinct 
source magmas? Is that possible? Is this assemblage common in other calc- 
alkalic laccoliths in Montana?
Any future worker in the West Butte Complex will find the short field 
season, unpredictable weather, lack of roads and, belligerent angus bulls a 
hindrance to efficiency, but the clean air, wildlife, magnificent views, and 
solitude an inspiration.
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Appendix A Thin Section Descriptions
9467 Potassic Latite or Auoite Latttef?) Location; N58480 E73320
Hand Specimen Description:
This light gray colored rock has a light and dark speckled appearance. The light grains are 
feldspars to 1-2 mm in length, and uniform in size. The dark grains are hornblende and 
magnetite. This is a compact, dense rock with no apparent al^nment of the grains.
Thin Section Description:
Rock is composed of 90% plagioclase, 7-8% clinopyroxene, 2% biotite, 1% magnetite. It 
has a slightiy trachytic alignment of the feldspars, but is dominantly hypidiomorphic.
9466 Phonolite Location: N67500 E65800
Hand Specimen Description:
This is a fine-grained aphanitic dark gray rock with a semi-glassy texture and few 
discernible minerals or xenoliths.
Thin Section Description:
Rock is composed of 95% very fine grain groundmass consisting primarily of oriented 
feldspar laths. Within the groundmass, approximately 3% of the plagioclase is zoned with thin rims 
of potassic feldspar. The groundmass also includes about 2% subhedral to euhedraü aegerine. 
There is also a xenoiith of biotite, plagioclase and opaque minerals.
9470 Trachyte Location: N62550 E62200
Hand Specimen Description:
The groundmass is a light gray-tan with phenocrysts of orthoclase to 3 mm in length and 
more abundant but smaller phenocrysts of plagioclase The rock is probably silicified because a 
stainless ̂ eel knife can not scratch it
Thin Section Description;
This rock is composed of 50% silicified groundmass, 40% zoned subhedral to euhedral 
plagioclase, 9% orthoclase, 1% calcite, 1% limonite or other iron oxides aJong microfractures,
<1% opaque minerals, and traces of pyrite and chlorite. The texture is porphyritic.
WB-76.5 Quartz Latite Location: N64050 E59850
Hand Specimen Description:
The rock contains simile sized feldspar phenoc^sts to 0.5 mm in a medium gray 
groundmass. Other identifiable minerals include potassium feldspar, chlorite and magnetite.
Thin Section Description:
This rock contains 20% feldspars which have been replaced by calcite. 15% pleochroic 
brownish chlorite, 15% orthoclase containing many fluid inclusions, 10% quartz in groundmass 
and interstitial, 10% opaque minerals, likely magnetite, 3% plagioclase mostly replaced by sericite. 
The texture is equigranular.
86
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WB-73 Trachyte Location; N67800 E63380
Hand Specimen Description;
This rock contains orthoclase phenocrysts to 12 mm long in a very fine grained gray 
groundmass with euhedral hornblende to 1mm in length
Thin Section Description;
It is com post of 45% fibrous, non-pleochroic chlorite (?) or clinochlore(?) groundmass. 
35% subhedral to euhedral orthoclase to 3 mm x 10 mm, 8 % finely twinned plagioclase after 
sanidine, 7% subhedral to euhedral hornblende, and 5% opaque minerals. The texture is 
porphyritic with the orthoclase phenocrysts in a fine grain chloritized groundmass.
VW-73.5a Quartz Latite Location; N67800 E63380
Hand Specimen Description;
The rock has feldspar phenocrysts to 1 mm x 2 mm in a medium gray groundmass. There 
is an overall greenish tint suggestive of chlorite and contains 1-2 % small ( «  1 mm) of an unknown 
dark mineral. The texture is porphyritic with an aphanitic groundmass.
Thin Section Description;
The rock contains 45% orthoclase to 2 mm in length. 15% quartz with fluid inclusions 
common, 20 % calcite, 10% sericite, 5% plagioclase and &% opaque minerals. The calcite and 
chlorite are replacing both orthoclase and plagioclase. The texture is porphyritic.
WB-84a Latite Basalt Location; N66900 E64850
Hand Specimen Description;
This is a dark gray, nearly black rock with numerous inclusions of a fine-grain dark 
siltstone(?). It has feldspars to 4 mm in length, and is mildly oxidized containing hematite and 
jarosite along the microfractures and also has replaced a ferromagnesian mineral. The rock is 
porphyritic with a aphanetic dark groundmass.
Thin Section Description;
The major component is 40% plagioclase, about half are euhedral and the other half 
appears fragmented. The plagioclase has both albite and Carlsbad twinning and is frequently 
zoned. The plagioclase ^pears unaltered. Orthoclase phenocrysts comprise about 10% of the 
rock. Other components include 5% chlorite, 5% opaque minerals, 2% calcite (in the orthoclase), 
2 % clinopyroxene, probably augite which has been mostly replaced by chlorite and some that is 
rimmed by opaque minerals. The groundmass is dominantly feldspar but may have 10-20% 
quartz. Quartz is not found as phenocrysts.
WB-84b Quartz Latite Location; N66900 E64850
Hand Specimen Description;
This is a light, grayish tan rock with sanidine phenocrysts to 1 cm in length and plagioclase 
to 2 mm. The plagioclase is lightly stained with iron oxides. Small (< 1 mm) xenoliths of dark 
siltstone comprise about 1-3 % of the rock The rock is slightly magnetic indicating the presence 
of magnetite.
Thin Section Description;
Large phenocrysts of orthoclase to 1 cm in length comprise 40 % of the rock. These 
remain largely unaltered. Subhedral plagioclase, likely oligoclase or andesine forms about 32 % of 
the rock. The plagioclase is largely altered to sericite (2%). Quartz is interstitial in the groundmass 
forming about 15% of the rock's volume. There are several phenocrysts of quartz. Hornblende 
once made up about 5% of the rock's volume but most has been replaced by chlorite (3%). 3% of 
the rock is composed of opaque minerals which are likely magnetite.
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WB-as I atitP Location: N66820 E65300
Hand Specimen Description:
Phenocrysts include potassium feidsp^ to 2  mm and plagioclase to 1 mm in a medium 
gray to faint brown aphanitic groundmass. Faint flow lines are discernible. Iron oxides appears to 
have replaced small ( «  1 mm) ferromagnesian minerals
Thin Section Description:
The trowni^ aphanitic groundmass comprises 50% of the rock. Orthoclase, including 
several that exhibit rounding make up 23 % of the rock. The plagioclase. both simply twinned and 
polysynthetic twinned foims 15 % of the total volume. Other constituents include 5% iron oxides 
(hematite, no magnetite), 5% calcite partially replacing the plagioclase, 2% quartz phenocrysts 
with an undulatory extinction. The texture is porphyritic with an aphanitic groundmass.
WB-86  Aeairine Latite Location: N67730 E65380
Hand Specimen Description:
This is a very fine-grain dark gray to black rod< with very few discernible phenocryst of 
feldspar. It has white xenoliths(?) speckled with small ( «  1 mm) green minerals that are either 
hornblende or aegirine. This rock does not have the gray-glassy texture of the phonolite.
Thin Section Description:
The rock is almost wholly composed (85%) of very fine plagioclase laths interwoven in a 
pilotaxltic texture. Phenociysts of plagioclase are rare and up to 1 mm in length. The remaining 
15% is aegirine occurring in a bimodal size distribution of rare phenocrysts to 1 mm in length and 
fine needles visible in the groundmass. The groundmass may contain a small component of 
secondary quartz.
WB-87 Latite Location: N67980 E67480
Hand Specimen Description:
This is a very tight tannish-white rock stained along fractures with reddish and brown iron 
oxides. It is mostly aphanitic with only a few discernible phenocrysts of orthoclase and plagioclase. 
The groundmass appears clay-rich and the rock is probably argillically altered.
Thin Section Description:
The rock contains an even distribution of orthoclase and plagioclase, both forming about 
35% of the rock. About half the plagioclase is simply twinning. The rock is laced with fine fractures 
filled with fine grain, secondary quartz accounting for 20% of the volume. Hematite has replaced 
cubic pyrite and is the major opaque mineral, forming 3% of the rock. The rock also includes at>out 
2% sericite. The texture is trachytic with the feldspar laths in alignment with the flow direction. The 
rock is probably a latite but the identification is complicated by the alteration.
WB-91a Aeairine Latite Location: N69170 E67820
Hand Specimen Description:
This is a very fine grain, greenish gray rock that is largely aphanitic. The greenish 
groundmass is possibly chloritic. Phenocrysts of feldspar, both plagioclase and potassium 
feldspar are to 2 mm in length. Small ( «  1 mm) black minerals are likely amphiboles. Black 
xenoliths containing light colored minerals are seen. The rock's hardness suggests secondary 
silicification but quartz is not discernible
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Thin Section Description;
The major constituent of the rock is plagioclase (60 %) both as phenocrysts and in the fine 
groundmass. Orthoclase accounts for about 10% of the rock while aegirine, pleochroic and green 
is seen as needles in the groundmass and as euhedral phenocrysts. Xenoliths comprise about 
5% of the rock's volume, as do the opaque minerals. A flake of muscovite appears to be an 
inclusion. The texture is porphyritic with randomly oriented feldspar laths, comprising the 
groundmass. Quartz is possibly an interstitial component of the groundmass.
WB-91 b Aeairine Latite Location: N69170 E67820
Hand Specimen Description:
This is smother very fine grain, compact, dense green rock with rare phenocrysts of both 
plagioclase and orthoclase. The orthoclase phenocrysts can reach 5 mm in length. Dark gneissic 
xenoliths are more common than in WB-91 a.
Thin Section Description:
The is fonned by 60% plagioclase both as phenocrysts and as the dominant component 
in the groundmass. Orthoclase comprises only about 5% of the volume. Aegirine occurs as 
euhedral phenocrysts and as needles in the groundmass and accounts for 2 0 % of the rock's 
volume. One percent of the rock is sericite. There are two types of xenoliths, which together form 
about 10% of the total volume. One type of xenoiith is dominantly plagioclase (60%) aixl 
clinopyroxene (30%) with the remainder being aegirine. The other type of xenoiith is composed 
of clinopyroxene and plagioclase in equal amounts with no aegirine.
WB-93 Hornblende Andésite Location: N69550 E69340
Hand Specimen Description:
This is an equigranular rock with the largest feldspar phenocrysts to 2 mm in length. 
Identifiable minerals include plagioclase, abundant, randomly orient^ hornblende, pyroxene, 
and chlorite. The overall color is a light gray to faint green, the greenish coloring due to the 
chloritic alteration of the ferromagnesian minerals.
Thin Section Description:
Plagioclase, likely oligoclase forms about 62% of the rock, both as phenocrysts exhibiting 
oscillatory twinning and as the dominant component in the groundmass. Green hornblende forms 
15% of the rock and has a slight trachytic alignment. Sericite, after plagioclase forms atx>ut 10% of 
the rock. Chlorite has replaced some hornblende and comprises atx)ut 5% of the total volume. 
Opaque minerals have also replaced the amphiboles, and account for another 5% of the volume. 
Quartz is identifiable only in the groundmass at about 3%.
WB-94 Quartz Siltstone Location: N71550 E70390
Hand Specimen Description:
This is a very fine grain sedimentary rock with mottled coloring, consisting of dark green 
and gray lamellae in a gray to light lavender rock. The lanellae are slightly coarser grained and form 
discontinuous blebs. Small microfractures are stained apple green, possibly with epidote?
Thin Section Description:
In thin section, it can be seen that the 70% of the rock is composed of fine, silt sized 
quartz grains. The rock has a large component of calcite, about 27%, that is disseminated 
throughout the rock and especially concentrated along microfractures. Opaque grains comprise 
about 2%. Pyroxene grains, likely augite are present in trace amounts.
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WB-96 Hornblende Andésite Location: N69980 E69570
Hand Specimen Description:
The groundmass is light gray with potassic feldspar and plagioclase phenocrysts. Dark, 
smaller minerals (<1 mm) are likely hornblende although they appear altered The aphanitic 
groundmass has a faint greenish tint, but whether this is due to the presence of chlorite or 
aegirine is not determinate.
Thin Section Description:
The rock is predominantly plagioclase (52%) with some euhedral phenocrysts to 3 x 6  
mm. Nearly all the plagioclase is oscillatory zoned. The large potassium feldspars are microdine 
but comprise only 3 % of ttie rock. Hornblende which once made up 5% of the rock is largely 
altered to sericite and calcite. Calcite has also replaced portions of the plagioclase. The 
groundmass comprises about 30% of the rock and contains up to 5% quartz. The texture is 
porphyritic.
WB-102 Marble Location: N62470 E66040
Hand Specimen Description:
This is a very fine grain rock, equivalent to fine silt, with a very white color. Mineralogically it 
is homogeneous and massive with no discernible sedimentary structures. It appears wholly 
composed of calcite.
Thin Section Description:
The rock is composed of 99% equigranular calcite grains. A trace of opaque grains are
seen.
WB-103 Hornblende Diorite Location: N 62700 E66320
Hand Specimen Description:
This rock is largely equigramular and composed of a feldspar-rich groundmass and 
phenocrysts of feldspar to 6  mm in length, with small (1 mm) phenocrysts of hornblende, rarer 
biotite and a trace of epidote. Also the rock has clots or areas of concentrated ferromagnesian 
minerals giving the appearance of xenoliths.
Thin Section Description:
The groundmass forms 40% of the rock and is formed of weakly oriented feldspar laths, 
some of which has been replaced by calcite or chlorite. Plagioclase phenocrysts comprise 27% of 
the rock's volume with most being polysynthetic or pericline twins. Hornblende is the most 
abundant ferromagnesian mineral forming atx>ut 12% of the total. Epidote and calcite tjoth 
comprise atx>ut 3% of the rock. Calcite has also attacked the amphiboles Other constituents 
include brownish, pleochroic biotite (3%) and a rhombic, high birefringence, high relief, brownish 
mineral which is probably sphene (3%). Quartz was noted as a single discernible fragment.
WB-109 Diorite Location: N68350 E69980
Hand Specimen Description:
This is a porphyritic rock with a grayish-green groundmass with feldspev phenocrysts to 4 x 
1 mm (length x width). The rock is slightly magnetic indicating the presence of magnetite.
Thin Section Description:
The groundmass comprises about 37% of the rock and is formed by randomly oriented 
feldspar laths and quartz. The ratio of feldspar to quartz in the groundmass is 9:1. The 
groundmass is largely altered to chlorite and sericite. Plagioclase phenocrysts forms about 20% of 
the total. Calcite, mostly in the groundmass accounts for another 14%. Chlorite, Wso in the
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groundmass constitutes another 10%. Augite (22° extinction angle, non-pleochroic with 
moderate birefringence) forms about 7% of the rock, while microcline forms about 3%. The 
microcline is also attacked by sericite along microfractures. About 5% of the rock is composed of 
opaque minerals, which are probably magnetite given the rock's overall weak magnetism. Other 
components include aegirine, as needles within the plagioclase. biotite and quartz (as 
phenocrysts), all present at about 1%. The texture is porphyritic.
WB-119 Siltstone Location; N68850 E68400
Hand Specimen Description;
This is a very fine grained, dark gray to black rock laced with microfractures accentuated by 
light colored alteration giving the rock a mosaic appearance. No sedimentsuy features are 
apparent.
Thin Section Description:
Ttie rock has a very fine matrix (67%) of silt and clay sized particles with possible 
secondary quartz and perhaps some glass(?). Larger silt sized particles are clearly subangular to 
sutarounded quartz (20%). Small fractures are filled with calcite and a cubic opaque mineral, 
thought to be pyrite. A trace of augite is also identifiable.
WB-125 Hornblende Andésite Location: N68920 E74190
Hand Specimen Description:
This is a porphyritic rock with feldspar phenocrysts to 2 x 4 mm (w x I). Most of the 
feldspars are much analler (to 1 mm in length) and are randomly oriented in a light gray to light 
brown groundmass. Identifiable minerals include plagioclase, horntjiende and magnetite. The 
rock is harder than stainless steel and is silicified.
Thin Section Description:
The groundmass. composed of randomly oriented feldspar laths accounts for 
approximately 42% of the rock's volume. The commonest phenocryst is plagioclase (25%).
Sericite is present as an alteration product of plagioclase and hornblende. Opaque minerals, 
about 8 % of the volume, are disseminated throughout the rock. The opaque minerals are mostly 
magnetite. Other constituents include interstitial quartz (3%). hematite (2 %), augite (1%) and 
epidote (1%).
WB-126 Hornblende Andésite Location: N70020 E72870
Hand Specimen Description;
The largest feldspar phenocrysts are 2 x 4  mm and are weakly trachytic in a light gray, 
aphanitic groundmass. Identifiable minerals include plagioclase and hornblende. Black, feldspar- 
bearing xenoliths (gneiss?) are common. The rock is very hard and likely silicified.
Thin Section Description:
About 50% of the rock is groundmass composed of about 80% feldspar laths and 20% 
quartz. Plagioclase is the commonest phenocryst (25%). Xenoliths, consisting of plagioclase and 
pyroxene make up about 10% of the rock's volume. Euhedral hornblende is present at 8%. Other 
identifiable minerals include calcite (2%), chlorite (2%), quartz (2%) and muscovite (1%). The rock 
is porphyritic with a faint alignment of the feldspar grains in the groundmass.
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WB-128 Hornblende Andésite Location: N72180 E73570
Hand Specimen Description:
This is a brownish red rock with a poiT^yritic texture. Phenocrysts include plagioclase to 2 
mm and hornblende to 3 mm. The plagioclase is clearly zoned. The groundmass appears clouded 
with iron oxides. The rock Is harder than stainless steel and likely silicified.
Thin Section Description:
The groundmass makes up 60% of the totW volume. The groundmass contains abundant 
iron oxidation products, and some small proportion of quartz. The dominant phenocryst is 
plagioclase, most exhibit the fine lamellae of pericline twinning. Subhedral and euhedral 
hornblende, microcline and augite are all present in equal amounts (5%). Amphibole-rich 
xenoliths make up about 2% of the rock's total volume. Iron oxides has replaced about 3% of the 
phenocrysts. The texture is porphyritic with no trachytic alignment of the grains.
WB-133 Hornblende Andésite Location: N69070 E78480
Hand Specimen Description:
This is a light tannish, porphyritic rock with a slight trachytic alignment of the feldspar and 
hornblende grains. The plagioclase grains are up to 3 mm in length while the largest hornblende 
phenocrysts are 2  mm in length. The rock is harder than stainless steel and slightly magnetic, 
indicating both silicification and the presence of magnetite.
Thin Section Description:
The light tan groundmass makes up 50% of the rock and is composed of feldspar laths 
and interstitial quartz, some of which is secondary. The dominant phenocryst is plagioclase 
accounting for another 31 % of the rock. Microcline and orthoclase are found in roughly equal 
concentrations (2-3%), as are augite and hornblende, both at 5%. Opaque minerals form 3% of 
the rock and are likely limonite after pyrite and magnetite. There is also about 1% chlorite and a 
trace amount of biotite The texture is porphyritic with a faint trachytic alignment of the feldspar 
grains.
WB-136 Andésite Location: N72100 É67950
Hand Specimen Description:
This is a porphyritic rock with large pheoncrysts of orthoclase and plagioclase (to 5 mm) in 
a very fine-grain, medium-gray groundmass. Iron oxide minerals, including hematite appear to 
have replaced either pyroxenes or amphitx>les. The rock's hardness is greater than stainless 
steel.
Thin Section Description:
The fine, gray groundmass is 80% of the rock's volume and is composed of minute 
feldspar laths and possibly interstitial quartz. Plagioclase Is the most abundant phenocrysts (13%) 
while orthoclase, most with overgrowths, are the larger phenocrysts (5%). There are trace 
amounts of both chlorite and hematite. The texture is pilotaxitic (felty or woven appearing feldspar 
laths) and weakly trachytic.
WB-138 F^dsoar. Quartz Siltstone Location: N73250 E68950
Hand Specimen Description:
The color is a medium gray with faint red-brown liesegang banding. Bedding or other 
sedimentary structures are not evident. Grain size is a fine sand or coarse silt. The grains appear to 
be mostly quartz, some feldspar and other grains The siltstone is poorly sorted and immature.
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Thin Section Description:
The rock is composed of 50% subangular quadz grains and 10% plagioclase grains 
Calcite is a main component comprising about 20% while secondary quartz accounts for about 
10% of the volume. Other constituent include muscovite and sericite (5%) and biotite (5%). This is 
a poorly sorted, immature feldspar and quartz siltstone.
WB-145 Svenite Location: N74150 E69380
Hand Specimen Description:
This is a porphyritic rock with large orthoclase phenocrysts (to 1 cm) in a reddish to light 
brown, aphanitic groundmass. Visible minerals include orthoclase, plagioclase, and unidentified 
ferromagnesian minerals replaced by iron oxides, including hematite.
Thin Section Description:
The reddish, hematitic stained groundmass is composed of minute feldspar laths oriented 
in a trachytic texture The groundmass comprises about 60% of the rock. The dominant 
phenocryst is orthoclase, up to 1 cm in length and makes up about 25% of the rock. Plagioclase is 
present at about 5%. Hematite has replaced about 8% of the rock primarily attacking 
ferromagnesian minerals, possibly hornblende. Chlorite and calcite are both present at 1%. The 
texture is porphyritic within a trachytic groundmass.
WB-149 Hornblende Andésite Location: N73980 E70640
Hand Specimen Description:
This is a porphyritic rock with feld^ar phenocrysts to 2 mm in length and hornblende 
phenocrysts also to 2 mm. The groundmass is light tannish gray and very fine grain. Other visible 
minerals include magnetite and chlorite. The rock also has a large percentage of xenoliths.
Thin Section Description:
The groundmass is aphanitic and forms about 70% of the rock. The dominant 
phenocrysts are plagioclase (20%) and hornblende (3%). Roughly 90% of the hornblende is 
chloritized. Opaque minerals comprise about 3% and are likely magnetite. Sericite (replacing 
feldspar) and calcite are both present at about 1 %. The xenoliths are comprised primarily of 
chloritized hornblende and feldspar, both plagioclase and orthoclase. There is also a unidentified 
mineral that may be either apatite, riebeckite or idocrase. It is negative with moderate relief, has an 
inclined extinction at 12  degrees and is blue-green in plane polarized light. The amphiboles are 
linked in a chain-like texture. I would call the xenolith an amp^ibolite.
WB-159 Gametiferousf?) Martile Location: N73700 E71530
Hand Specimen Description:
This is a granular sedimentary-derived rock composed of fine sand-sized grains with 
disseminated dark grains. The rock effervesces with cold HCI indicating the grains are largely 
calcium cartx>nate.
Thin Section Description;
The rock is 60% calcite and 26% dark, small (« 1  mm) grains that may be porphyroblasts 
of garnet. There Is also about 10% quartz as fracture infilling), 3% chlorite and 1 % hematite. The 
original bedding is faintly preserved.
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WB-163 Lattte Location: N69000 E68900
Hand Specimen Description:
The rock has a tannish-pink groundmass with relatively few and small phenocrysts. There 
are plagioclase phenocrysts to 1 mm in length and small amounts of hornblende and a trace of 
pyrite.
Thin Section Description:
The aphanitic groundmass is 60% of the rock's volume. The most abundant phenocryst is 
orthoclase (2 0 %) while the largest phenocrysts are plagioclase (5%). Calcite is present at 7% as is 
the opaque minerals, likely hematite and magnetite. One percent of the rock is a mineral 
tentatively identified as apatite. It has a moderate to high relief, parallel extinction, and is clear in 
plane polarized light, it is possibly eight sided and negative. The texture of the rock is porphyritic 
without trachytic alignment.
WB-164 Latite Location: N69190 E68890
Hand Specimen Description:
This rock has a white, vuggy groundmass and is heavily stained by hematite giving the 
rock a white and red appearance. The hematite appears to t)e replacing cubic pyrite. Phenocrysts 
of feldspar are up to 3 mm in length.
Thin Section Description:
The groundmass comprises about 70% of the rock and it is formed by minute, aligned 
feldspar laths of both plagioclase and orthoclase. Phenocrysts include 10% plagioclase and 10% 
orthoclase. Hematite is present at 10% and has replaced tx)th pyrite and ferromagnesian minerals. 
Unaltered pyrite still exists at about 1% and a trace of sericite is identifiable. The texture is 
porphyritic with a trachytic groundmass.
WB-187 Latite Location: N77780 E65300
Hand Specimen Description:
This is a light gray rock with a porphyritic texture. Plagioclase phenocrysts are to 3 mm in 
length. Other minerals include hornblende and magnetite. The rock is fresh appearing with only a 
trace of iron oxides forming around the edges of the feldspars. Chlorite is not evident.
Thin Section Description:
The groundmass comprises about 50% of the rock. The commonest phenocryst is 
plagioclase (20%) and orthoclase forms atx)ut 15% of the total volume. Microcline and 
hornblende are tx)th present at 5% apiece. Other minerals indude aegirine (2%), augite (1%), 
apatite ( 1 %), opaque minerals (jxobably magnetite) at 1 %, and a trace of an unidentified mineral 
having high birefringence, very high relief, and inclined extinction at 2-5 degrees. The texture is 
porphyritic without any trachytic alignment.
WB-192 Latite Location: N79819 E67720
Hand Specimen Description:
This is a porphyritic rock with aphanitic, tannish groundmass. The feldspar phenocrysts 
are to 3 mm in length. Identifiable minerals include plagioclase, hornblende, hematite and 
magnetite. The rock is harder than stainless steel.
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Thin Section Description;
The groundmass. which is very fine grain, comprises about 70% of the rock. The 
commonest phenocryst is plagioclase (15%). Orthoclase is the next commonest phenocryst and 
forms about 7% of the rock. Hornblende, microcline and aegirine all form about 2% of the rock. 
Calcite is present at 1%. A mineral, tentatively identified as augite is also present at 1%. The rock is 
very fresh with little alteration of the feldspars or ferromagnesian minerals. The texture is 
porphyritic.
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Appendix B Soil Sample Descriptions
Sample: 10343
Location: as planned
A Horizon: 8  inches
B Horizon: none
Elevation: not measured
Color: dark yellowish brown 10YR4/2 to dusky yellowish brown 10YR2/2
Rocks: 50%
Alteration: no remarks
Remarks: soil is damp
Sample: 10342
Location: as planned
A Horizon: 8  inches
B Horizon: none
Elevation: not measured
Color: dusky yellowish brown 10YR2/2
Rocks: no remarks
Alteration: no remarks
Remarks: soil is damp
Sample: 
Location: 
Elevation: 
A Horizon: 
B Horizon: 
Color: 
Rocks: 
Alteration:
Remarks:
10341 
as planned 
not measured
8 -1 0  inches, dark color with grass rootlets
damp, breccia clasts to 4-5 inches
yellowish brown 10YR5/4to moderate brown 5YR4/4
comprise about 25% of the B horizon
2 % pyrite, brecciated porphyry is highly altered to a white to yellow 
color
no remarks
Sample: 10305
Location: as planned
Elevation; not measured
A Horizon: 8-10 inches
B Horizon: damp, breccia float to 4 inches in length, most oxidized to yellow
or red
Color: moderate yellow brown 10YR5/4
Rocks: breccia float is "finer grained", appears well milled, 90% of the clasts <
2-3 mm
Alteration : moderate chloritic alteration, magnetite gone, 2% pyrite, clay matrix
with epidote(?)
Remarks: large rocks as float, small boulders 15-25 cm, rock is porphyritic
orthoclase monzonite(?)
Sample: 10377
Location : as planned
Elevation: not measured
A Horizon: 4 inches, dark with organic material
B Horizon: wet
Color: moderate brown 5YR3/4 to 5YR4/4
Rocks: hornblende feldspar andésite, hornblende to 4 mm, plagioclase to
2-3 mm
Alteration; amphiboles gone to chlorite(?) gone, leaving voids
Remarks: not much visible float, shallow water table
96
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Sample:
Location:
Elevation:
A Horizon:
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
Sample:
Location:
Elevation:
A Horizon:
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
Sample: 
Location: 
Elevation : 
A Horizon: 
B Horizon. 
Color: 
Rocks:
Alteration:
Remarks:
10306 
as planned 
5520 feet 
thicker, 18 inches
fewer rocks, less than 10%, damp but not saturated 
moderate yellowish brown 10YR5/4
whitish breccia with occasional red hematite colors, fine grained, 
some clasts to 1 cm in diameter, most sub angular, some sub-round, 
matrix is white with 5% pyrite cubes gone to limonite and hematite, fragmented 
feldspar clasts and 5% unaltered glassy trachyte
10340 
as planned 
not measured 
12 inches thick 
about 25% rocks
between moderate yellow brown 10YR5/4 and dark yellowish brown 10YR4^ 
100% breccia, most is a yellowish color, subangular to sub-round clasts of 
intrusive rock, some (5%) is fragmented feldspar, 5% pyrite cubes to 1 mm x 1 
mm, gone to limonite, breccia is a mix of coarse sand size fragments to coarse 
gravel size clasts
20% of the breccia is reddish and hematitic
coarse brecccias around perimeter of diatreme, fining towards center
10339 
as planned 
not measured 
5 inches
12 inches thick. 50% rocks near bedrock contact
moderate yellowish brown 10YR5/4 to dark yellowi^ brown 10YR4/2
a milled, "mixed" breccia, coarse sand matrix with coarse gravel sub-angular to
sub-rounded clasts, overall whitish matrix with ~40% limonite
5% disseminated pyrite(?), magnetite{?) gone to limonite
rock appears more vuggy than usual
Sample: 10307
Location: as planned
Elevation: not measured
A Horizon: 18-20 inches, few rocks (5%)
B Horizon: damp
Color: dark yellowish orange 10YR6/6
Rocks: 75% glassy trachyte (phonolite) some with veinlets of limonite after pyrite, 25% is
breccia of the coarse grained variety with rounded clasts 2.5 to 3 cm in diameter 
Alteration: 1-2% disseminated cubic pyrite, gone to limonite pseudomorphs
Remarks:
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Sample;
Location:
Elevation:
A Horizon:
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
Sample:
Location:
Elevation:
A Horizon:
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
10308 
as planned 
not measured
12  inches thick with 10% rocks 
12  inches down
moderate yellowish brown 10YR5/4
80% altered glassy trachyte (phonolite), whitish matrix, 1-2 % disseminated cubic 
pyrite gone to limonite, 2 0 % is a strongly chloritic intrusive with traces of epidote 
and pyrite, 1-2% limonite after pyrite, 2 % hematite after amphiboles and 
magnetite(?)
rock type is likely chloritic glassy trachyte (phonolite)
10274 
as planned 
not measured
18 inches thick with few rocks
damp with 25% rocks, some to 15 cm in diameter
moderate yellowish brown 10YR5/4
95% glassy trachyte (phonolite) with a fresh bluish color and very fine grain, 5% 
oxidized reddish feldspar poiphyry
Sample: 10250
Location: in stream bed, no soil, collected sample 78 feet south
Elevation: not measured
A Horizon : 6  cm thick
B Horizon: damp, monzonite porphyry (trachyte) clasts to 10-15 cm in length
Color: dark yellowish brown 10YR4/2
Rocks: 70% monzonite porphyry (trachyte), orthoclase phenocrysts to 2
cm, generally phaneritic, equigranular texture 
Alteration: 50% of hornblendes gone to limonite or goethite
Remarks: sample is from 30 cm depth
Sample: 10251
Location: sample collected 10 feet east of planned location
Elevation: not measured
A Horizon: 3 cm
B Horizon: 10% soil, 90% pebbles
Color: 10YR4/2
Rocks: 90% monzonite porphyry (trachyte), orthoclase clasts to 0.5 cm,
10% monzonite porphyry with orthoclase to 1 cm 
Alteration: 50% of the hornblende gone to limonite-goethite
Remarks: coincides with sample site 3600N 8000E, possible previous soil
sample collected here
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Sample;
Location:
Elevation:
A Horizon:
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
Sample:
Location:
Elevation:
A Horizon:
8  Horizon:
Colpr:
Rocks:
Alteration:
Remarks:
Sample:
Location;
Elevation:
A Horizon:
8  Horizon;
Color:
Rocks:
Alteration:
Remarks:
10252
10  feet east of planned location 
not measured 
6  cm thick
slightly damp and clayey 
moderate yellowish brown 10YR5/4
95% porphyritic monzonite (trachyte), orthoclase to 0.5 cm and rare 
plagioclase to 0.5 cm, has black glassy hornblende, 5% hornblende feldspar 
andésite (latite)
2 0 % of the hornblende oxidized to limonite-goethite, possible slightly chloritic, 
greenish cast to rocks 
thin section #10252
Sample: 10253
Location : 10 feet east of planed location
Elevation: not measured
A Horizon: 6  cm thick
8  Horizon : slightly damp, clayey
Color: moderate yellowish brown 10YR5/4
Rocks: 6 6 % hornblende feldspar andésite (latite), hornblendes to 8  mm,
3% limonite, 33% monzonite porphyry ( trachyte), orthoclase to 1cm 
Alteration : trace of chlorite
Remarks:
Sample: 10219
Location: as planned
Elevation: not measured
A Horizon: 6  cm thick
8  Horizon: 80% soil, 20% rocks, slightly damp, clayey
Color: moderate yellowish brown 10YR5/4
Rocks: 60% hornblende feldspar andésite (latite), 33% monzonite
porphyry (trachyte), orthoclase to 2.5 cm, 3% limonite 
Alteration: 60% of hornblende gone to limonite-goethite
Remarks:
10218 
as planned 
not measured 
15 cm thick
50% soil, 50% rocks, wet 
dark yellowish brown 10YR4/2
95% hornblende feldspar andésite (latite), likely subcrop 
trace of chlorite 
thin section #10218r
10217
sample taken 140 feet north of 10218, planned location is in a creek 
4776 feet as!
15-20 cm
80% rock, 2 0% soil, wet
moderate brown 5YR4/4
1 00% hornblende feldspar andésite (latite)
trace of chlorite, rocks have a subtle greenish hue
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Sample: 10216
Location: as planned
Elevation: not measured
A Horizon: 12cm
B Horizon: 95% soil, 5% rocks, damp
Color: dark yellowish brown 10YR4/2
Rocks: 50% hornblende feldspar andésite (latite), 50% porphyritic
monzonite (trachyte)
Alteration: latite trace of sulfide, pyrite(?). trace of chlorite, 1 % limonite,
trachyte-3% limonite, amphiboles gone to geothite 
Remarks: sample is from beneath a buried A horizon about 25 cm done
Sample: 10215
Location: as planned
Elevation: 4878 feetasi
A Horizon : 2 cm ttiick
8  Horizon: 60% rocks, 40% soil, damp
Color: moderate yellowish brown 10YR5/4
Rocks: 100% mrxizonite porphyry ( trachyte)
Alteration: 2% limonite-goethite replacing hornblende. 1% hematite, trace of
chlorite
Remarks: bedrock(?) at 20 cm deep
Sample: 10214
Location: as planned
Elevation: not measured
A Horizon: 5 cm thick
B Horizon: 60% rocks, 40% soil, damp
Color: moderate yellowish brown 10YR5/4
Rocks: 100% monzonite porphyry (trachyte), orthoclase to 1.5 cm,
orthoclase is pristine 
Alteration : 2-3% limonite-goethite, trace of chlorite give s the rocks a greenish
tint
Remarks: bedrock at 30 cm deep, thin section #10214
Sample: 10180
Location: as planned
Elevation: not measured
A Horizon : at least 40 cm thick, but little soil
B Horizon: 95% rocks, 5% soil
Color: dark yellowish brown 10YR4/2
Rocks: 100% hornblende feldspar andésite (latite)
Alteration : strong epidote along fractures in 10 % of the rocks, 1 % magnetite,
1% weak chlorite after hornblende 
Remarks: talus slope with marginal soil development, sample size is 1 /10th
bag
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Sample; 
Location: 
Elevation: 
A Horizon: 
B Horizon: 
Color: 
Rocks: 
Alteration:
Remarks:
Sample: 
Location: 
Elevation: 
A Horizon: 
B Horizon: 
Color: 
Rocks: 
Alteration:
Remarks:
10249
as planned
not measured
10  cm thick
70% rocks, 30% soil
moderate yellowish brown 10YR5/4
100% monzonite porphyry (trachyte) with orthoclase to 1 cm
2 % limonite. jarosite dominant, 10% of the clasts have 10%
limonite. 1% epidote and a strange blue groundmass. may be
chlorite(?)
Sample: 10248
Location : as planned
Elevation : 5015 feet asl
A Horizon: 5 cm thick
8  Horizon: 70% rocks. 30% soil, damp
Color: moderate yellowish brown 10YR5/4
Rocks: 100% monzonite porphyry (trachyte) with orthoclase to 1.5 cm
Alteration: 2% limonite-goethite. 10% of the rocks have 20% limonite-goethite
and 20% epidote in the groundmass
Remarks:
Sample: 10246
Location : as plætned
Elevation: 5090 feet asl
A Horizon: 1 mm, very thin
B Horizon: 90% rocks, 10% soil, damp
Color: moderate yellowish brown 10YR5/4
Rocks: 100% monzonite porphyry (trachyte), orthoclase to 1 cm
Alteration: 5% limonite with geothite dominant. 2% limonite with jarosite
dominant, trace of chlorite, trace of pyrite gone to geothite, 1% epidote
Remarks:
10245 
as planned 
5080 feet asl 
7 cm thick
80% rocks. 2 0 % soil, damp 
moderate yellowish brown 10Yr5/4 
100% hornblende feldspar andésite (latite)
1% chlorite after hornblende, 2% limonite with goethite dominant, 
1 % red hematite, trace of pyrite gone to limonite
Sample: 10244
Location: as plarwied
Elevation : 5120 feet asl
A Horizon : 15 cm thick
B Horizon: damp. 60 cm to bedrock
Color: dark yellowish brown 10YR4/2, maybe 10% is lighter colored
Rocks: 90% hornblende feldspar andésite (latite), 10% monzonite
porphyry (trachyte)
Alteration: latite has 5% chlorite after horntalende, 1 % limonite-goethite and
trace of epidote, trachyte has 5% limonite-jarosite
Remarks:
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Sample:
Location:
Elevation:
A Horizon;
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
Sample:
Location:
Elevation:
A Horizon:
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
Sample:
Location:
Elevation:
A Horizon:
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
Sample:
Location:
Elevation:
A Horizon:
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
10243
as planned
5154 feet asl
10  cm thick
40 cm to bedrock
dark yellow brown 10YR4/2
75% hornblende feldspar andésite (latite). 15% black shale. 10% 
monzonite porphyry (trachyte) with orthoclase to 2  cm 
latite-trace of epidote. 1% chlorite, 1% limonite-goethite, 1% 
magnetite, trachyte-5% limonite. black shale-limonite coatings on 
fracture
Sample: 10213
Location: as planned
Elevation: 4875 feet asl
A Horizon : 10 cm thick
B Horizon : 90% rocks. 10% soil, damp
Color: moderate yellowish brown 10YR5/4
Rocks: 100% monzonite porj:rfiyry (trachyte)
Alteration: 3% limonite after hornblende, goethite: jarosite = 60:40, bright orange
Remarks:
10212 
as planned 
4890 feet asl 
3 cm
20% rocks, 80% soil, slightly damp
moderate yellowi^ brown 10YR5/4
100% porphyritic monzonite (trachyte), orthoclase to 0.75 cm.
hornblendes to 4 mm
1% chlorite after hornblende, 4% limonite, goethite : jarosite =50:50 
thin section #10 2 1 2 r
10211
sample taken 55 feet east of planned location 
4935 feet asl 
13 cm thick
95% rock. 5% soil, slightly damp 
dark yellow brown. 10YR4/2
75% dark gray shale, 15% hornblende feldspar andésite (latite), 10% monzonite 
porphyry (trachyte)
latite - trace of chlorite. 5% limonite g:j = 40:60, trachyte - 2% limonite g:j = 40:60 
after hornblende
as planned location is all alluvium. 50 cm (+) to bedrock
10210 
as planned 
4960 
8  cm thick
40% rock. 60% soil, very clay rich 
moderate yellow brown 10YR 5/4
90% monzonite porphyry (trachyte), orthoclase to 1 cm. 10% glassy trachyte 
(phonolite)
trachyte-2% limonite-goethite after hornblende, phonolite- trace of
limonite-goethite
bedrock 60 cm down
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Sample; 10209
Location: as planned
Elevation: 5025 feet asl
A Horizon : 13 cm thick
B Horizon : slightly damp, sandy bam
Color: moderate yellowish brown 10YR5/4
Rocks: 50% medium grained hornblende feldspar andésite (latite), 50% monzonite
porphyry (trachyte) with orthoclase to 1cm 
Alteration: latite-2% chlorite, 1% limonite-goethite, 1% magnetite, trace of epidote on
fractures, trachyte- 3% limonite, goethite:jarosite = 50:50 
Remarks: bedrock likely monzonite porphyry (trachée)
Sample: 10208
Location: as planned
Elevation : 5115 asl (average of two altimeters, seems too high)
A Horizon: 25 cm thick
B Horizon: 40% rocks, 60% soil, slightly damp
Color: dark yelbwish brown 10yr4/2
Rocks: 80% fine grained hornblende feldspar andésite (latite), 20%
monzonite porphyry (trachyte) with orthoclase to 1.5 cm,
Alteration: latite-5% orange limonite g:j = 50:50, trachyte-3% brown limonite
g:j = 70:30 along fractures and disseminated after hornblende(?)
Remarks:
Sample: 10242
Location : sample taken 10 feet east of planned location
Elevation : 5215 feet asl
A Horizon : 20 cm thick and slightly damp
B Horizon: 65% rocks, 35% soil
Color: dark yellowish brown 10YR4/2
Rocks: 100% fine grained hornblende feldspar andésite (latite)
Alteration: traces of chlorite, epidote, brown limonite
goethite:jarosite:hematite = 70:20:10 
Remarks. thin section #10242
Sample:
Location:
Elevation:
A Horizon .
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
10241
as planned
5340 feet asl
32 cm thick
30% rocks, 70% soil
dark yellowish brown 10YR4/2
70% fine grained hornblende feldspar andésite (latite), 30% glassy trachyte 
(phonolite) with conchoidal fracture, aegirine, orthoclase to 0.75 cm 
latite-1% chlorite, 1%magnetite, 1% brown limonite g:j:h =
70:20:10, trace of epidote. trachyte- trace of orange limonite g:j:h = 
33:33:33
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Sample; 10273
Location; as planned
Elevation; 5600 feet asl
A Horizon; 60 cm
B Horizon ; 70% rocks, 30% soil
Color; grayish brown 5YR3/2
Rocks; 70% glassy trachyte (phonolite). 30% diatreme (breccia) of which
about half is coarsely milled and half is finely milled 
Alteration; phonolite - 2% orange limonite g;j;h = 33;33;33, breccia - 20% orange and brown
limonite , 3% pyrite gone to limonite 
Remarks; 2 samples taken, one for XRF, one for Ar/Ar, polished section 9466, thin section
#9466r
Sample; 10271
Location; as planned
Elevation; 4755 feet asl
A Horizon ; 75 cm thick, wet
B Horizon ; 75% rock, 25% clay, clayey
Color; moderate yellowish brown 10YR5/4
Rocks; 50% glassy trachyte (phonolite). 50% diatreme (breccia) with
rounded clasts, matrix supported and fine grained 
Alteration; phonolite-argillic alteration of groundmass, orthoclase weakly altered, quartz-
sulfide veining, open space filling, with the sulfides gone to geothite, breccia- 
strong argillic alteration, 5% brown limonite-goethite, g;j;h = 33;33;33, 
amphit)Oles (pyroxenes?) gone to clay, sulfides total about 5-6%. and altered to 
goethite and jaroate, quartz vein about - 2  mm wide cuts the breccia and has 
disseminated pyrite long the vein 
Remarks; overall alteration is strong argillic, with 5-6% disseminated
sulfides, trace of quartz veining and silicification
Sample; 
Location; 
Elevation; 
A Horizon; 
B Horizon ; 
Color; 
Rocks; 
Alteration;
Remarks;
Sample; 
Location; 
Elevation; 
A Horizon; 
B Horizon;
Color;
Rocks:
Alteration;
Remarks;
10270 
as planned 
5825 feet asl 
7 cm thick and wet
18 cm to bedrock, 90% rock and 10% soil
moderate yellowish brown 10YR5/4
100% glassy trachyte (phonolite)
strong argillic, groundmass and k-spars gone to clay, 1 %
disseminated pyrite gone to goethite, overall orange limonite is
2-3 %, g;j;h = 33 33 33
10269 
as planned 
5865 feet asl 
8  cm thick
90% rocks. 10% soil, wet, slightly less clay-rich may have more 
silicification
moderate yellowish brown 10YR5/4 
90% glassy trachyte (phonolite). 10% porphyry monzonite 
(trachyte), smaller grain size, may t>e border phase 
phonolite-1% disseminated pyrite gone to goethite, moderate 2-3 
% chlorite is blebs and along fractures. 3% orange limonite. g;j;h = 
33 33 33, trachyte- 3% brownish limonite. g;j;h = 60:20:20
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Sample; 10268
Location: as planned
Elevation: 5875 feet asl
A Horizon; 45 cm thick
B Horizon: wet, 90% rocks. 10% soil
Color: dark yellowish brown 10YR4/2
Rocks: 80% breccia composed of mostly phonolite clasts, 20% porphyritic
monzonite (trachyte)
Alteration: breccia- 5% disseminated pyrite gone to goethite, alteration is argillic with weak
silicification, trachyte- 5% orange limonite after hornblende, g:j:h = 33:33:33 
Remarks: thin section #10268
Sample: 10267
Location: as planned
Elevation: 5842 feet asl
A Horizon: 10 cm thick
B Horizon : 40% rocks, 60% soil, damp and clayey
Color: dark yellowish orange 10YR6/6
Rocks: 60% glassy trachyte (phonolite), 40% monzonite porphyry
(trachyte)
Alteration: phonolite- 5% disseminated pyrite gone to goethite, argillic with weak
silicification, trachyte-trace of chlorite, 2 % brown limonite
Remarks:
Sample: 
Location: 
Elevation: 
A Horizon: 
8  Horizon: 
Color: 
Rocks; 
Alteration:
Remarks:
Sample:
Location:
Elevation:
A Horizon:
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
10302 
as planned 
5840 feet asl 
55 cm thick
95% rocks, 5% soil, damp 
dark yellow brown 10YR4/2 
100% diatreme (breccia), fine grained variety 
very strong brown and orange limonite, ~10% (?) found 
disseminated and in veinlets, reaction rims on some black 
(shale?) clasts, traces of cubic disseminated pyrite, trace of epidote 
rock sample collected #9469, thin section #10302ts
10304
as planned
5710 feet asl
10  cm, saturated
90% rocks, 10% soil, clayey
moderate yellowish brown 10YR5/4
90% diatreme (breccia) fine-grained, 10% glassy trachyte
(phonolite)
breccia-5% disseminated cubic pyrite, replaced by brown goethite, 
weak silicification on fractures, strongly weathered and argillic(?), 
phonolite-trace of disseminated pyrite replaced by orange-brown 
limonite, g:j:h = 50:25:25
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Sample;
Location:
Elevation:
A Horizon:
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
Sample:
Location:
Elevation:
A Horizon:
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
10303 
as planned 
5305 feet asl 
13 cm thick
95% rock. 5% soil, wet 
dark yellow brown 10YR4/2
90% glassy trachyte (phonolite), 10% monzonite porphyry 
(trachyte) with orthoclase to 1 cm in length 
phonollte-strong argillic, 2% disseminated pyrite replaced by 
geothite, trace of fracture controlled pyrite, trace of serlclte(?), 
trachyte-2 % reddish limonite g:j:h = 20:20:60
10302
as planned
5800 feet asl
2 0  cm thick, wet
90% rocks, 20% soil and wet
moderate yellowish brown 10YR5/4
100% monzonite porphyry (trachyte), orthoclase to 1.5 cm,
generally coarse-grained groundmass
1% chlorite after amphiboles and plagioclase, greenish
groundmass, 2-3% dark limonite staining on fractures, g:j:h =
50:15:35
Sample: 10338
Location: as planned
Elevation : 5700 feet asl
A Horizon: 15 cm thick
B Horizon: 70% rocks. 30% soil, wet
Color: moderate yellowish brown 10YR5/4
Rocks: 100% diatreme (breccia) fine-grained variety
Alteration: quartz veining, 5% brown limonite replacing pyrite and mafics, g:j:h = 60:15:25,
also along fractures, 5% chlorite replacing mafics and plagioclase
Remarks:
Sample: 10337
Location: as planned
Elevation : 5645 feet asl
A Horizon : 8  cm thick
B Horizon: 80% rock, 20% soil, damp
Color: dark yellowish brown 10YR5/4
Rocks: 90% diatreme (breccia) some coarse grained, 10% monzonite
porphyry (trachyte)
Alteration: breccia-strong 8 % orange limonite throughout, trace of pyrite cubes replaced by
goethite, trachyte-2% brown limonite
Remarks:
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Sample: 10378
Location: as planned
Elevation: 5485 feet asl
A Horizon : 5 cm thick
B Horizon: 95% rocks, 5% soil, saturated
Color: dark yellowish brown 10YR5/4
Rocks: 100% diatreme (breccia) fine and medium grained
Alteration : weak argillic, strong orange and brown limonite on fractures, 1 % orange limonite
disseminated throughout, trace of chlorite replacing mafic clasts
Remarks:
Sample: 
Location: 
Elevation: 
A Horizon: 
B Horizon: 
Color: 
Rocks: 
Alteration:
Remarks:
Sample: 
Location: 
Elevation: 
A Horizon: 
B Horizon: 
Color: 
Rocks: 
Alteration:
Remarks:
Sample:
Location:
Elevation:
A Horizon:
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
10374 
as planned
5645 feet asl (altimeter reading suspect, much too high)
12 cm thick, bedrock at 30 cm
40% rocks. 60% soil
grayish orange 10YR7/4
100% diatreme (txeccia) fine grained variety
moderate 2-3% orange limonite on fractures. g:j:h = 33:33:33, 1%
chlorite on mafic clasts, overall moderate to strong weathering,
moderate argllllc(?), chloritic, trace to 1% disseminated pyrite
replaced by limonite
10375 
as planned 
5590 feet asl 
15 cm thick
30% rocks, 70% soil, damp 
moderate yellowish brown 10YR5/4 
100% fine grain diatreme (breccia)
2 types- a. weak moderate argillic with 2-3% orange limonite, g:j:h 
= 33:33:33 disseminated throughout, no silicification, trace to 1% 
disseminated pyrite replaced by goethite b weak to moderate chloritic with 5% 
orange limonite g:j:h = 33:33:33 on fractures, trace to 1% disseminated pyrite 
replaced by goethite
10376 
as planned 
5650 feet asl 
60 cm thick
10% rocks, 90% soil, damp 
dark yellowish brown 10YR4/2
90% monzonite porphyry(?) (trachyte) some K-spars appear 
rounded, may be part of dlatreme(?). entrained block(?), 10% 
diatreme (breccia) with rounded clasts and orthoclase 
trachyte-5 % disseminated pyrite gone to goethite, breccia-strong 
weathering, moderate argillic. 3% orange limonite
two samples collected for thin sections: 10376a breccia and 10376b trachyte
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Sample: 
Location; 
Elevation: 
A Horizon: 
B Horizon: 
Color: 
Rocks: 
Alteration:
Remarks:
Sample: 
Location: 
Elevation: 
A Horizon: 
B Horizon: 
Color: 
Rocks: 
Alteration:
Remarks:
2 %
Sample: 10378
Location; as planned
Elevation: 5645 feet asl
A Horizon : 30 cm thick
B Horizon: 80% rocks, 20% soil, damp and clayey
Color: moderate yellowish brown 10YR5/4
Rocks: 100% hornblende feldspar andésite (latite)
Alteration: 1 -2% brown limonite g:j:h = 60:10:30, trace of epidote, 1 -
disseminated chlorite in the greenish/bluish groundmass
Remarks:
Sample: 10379
Location: as planned
Elevation: 5660 feet asl
A Horizon: 3 cm thick
B Horizon: 75% rocks, 25% soil, saturated and clayey
Color: moderate yellowish brown 10YR5/4
Rocks: 100% hornblende feldspar andésite (latite)
Alteration : 2-3% chlorite disseminated in groundmass, 1 -2% magnetite
Remarks:
Sample: 10380
Location: 48 feet north and 10 feet west of the planned location
Elevation: not measured
A Horizon: none
B Horizon: 80% rocks, 20% soil, saturated
Color: moderate yellowish brown 10YR5/4
Rocks: 100% hornblende feldspar andésite (latite)
Alteration: 2-3% chlorite disseminated throughout groundmass, 1-2%
magnetite
Remarks: planned location is in andestic talus
10344
25 feet south and 10 feet west of planned location 
5400 feet asl, too high 
10 cm thick
80% rocks, 2 0 % soil, wet 
moderate yellowish brown 10YR5/4 
100% hornblende feldspar andésite (latite)
2-3% chlorite disseminated throughout the greenish groundmass.
2-3% magnetite
10318 
as planned 
not measured
100% hornblende feldspar andésite (latite)
1% chlorite replacing hornblende, 5% orange limonite g:j:h = 
33:33:33 on fractures and r^lacing hornblende
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Ssimple: 10317
Location; as planned
Elevation: 4995 feet asl
A Horizon:
B Horizon:
Color:
Rocks: 100% hornblende feldspar andésite (latite)
Alteration: 1% chlorite, 2 % brown limonite after hornblende
Remarks:
Sample: 10316
Location: as planned
Elevation: not measured
A Horizon:
8  Horizon:
Color:
Rocks: hornblende feldspar andésite (latite)
Alteration:
Remarks:
Sample: 10315
Location: as planned
Elevation: not measured
A Horizon:
B Horizon:
Color:
Rocks: monzonite porphyry (trachyte)
Alteration:
Remarks:
Sample: 10314
Location: as planned
Elevation: 5100 feet asl
A Horizon: 6  inches, mostly talus
B Horizon: 70% rocks, 30% soil, saturated
Color: moderate yellowish brown 10YR5/4
Rocks: 100% hornblende feldspar andésite (latite)
Alteration: weak 1-2% chlorite in groundmass, weak 1% magnetite
Remarks:
Sample: 10284
Location: as planned
Elevation: not measured
A Horizon:
B Horizon:
Color:
Rocks: hornblende feldspar andésite (latite)
Alteration:
Remarks: out of sequence
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Sample; 10313
Location: as planned
Elevation: 5143 feet asl
A Horizon: none, wet
B Horizon: 80% rocks, 20% soil
Color: dark yellowish brown 10YR4/2
Rocks: 80% dike(?) 20% hornblende feldspar andésite (latite)
Alteration : dike-weak 1 -2% pyrite on fractures, weak 1 -2% orange limonite
Remarks:
Sample: 10312
Location: as planned
Elevation: 5145 feet asl
A Horizon: 8  cm thick
B Horizon: 75% rocks, 25% soil, half wet and half dry
Color: dark yellowish orange 10YR6/6
Rocks: 100% hornblende feldspar andésite (latite)
Alteration: weak 1% chlorite in groundmass
Remarks:
Sample: 10311a
Location: as planned
Elevation: 5140 feet asl
A Horizon: none
B Horizon: 85% rocks. 15% soil, wet
Color: moderate yellowish brown 10YR5/4
Rocks: 100  % hornblende feldspar andésite (latite)
Alteration: weak 1% chlorite in groundmass
Remarks:
Sample: 10311b
Location: 60 feet north of 10311a
Elevation: 5140 feet asl
A Horizon: none
B Horizon: wet
Color: moderate yellowish brown 10YR5/4
Rocks: 100% monzonite porphyry
Alteration: moderate reddish limonite rimming the orthoclase
Remarks:
Sample: 10310
Location: as planned
Elevation:
A Horizon.
B Horizon:
Color: dark yellowish brown 10YR4/2
Rocks:
Alteration:
Remarks:
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Sample:
Location:
Elevation:
A Horizon:
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
Sample:
Location:
Elevation:
A Horizon:
B Horizon:
Color:
Rocks:
Alteration;
Remarks:
Sample:
Location:
Elevation:
A Horizon:
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
Sample:
Location:
Elevation:
A Horizon:
B Horizon;
Color:
Rocks:
Alteration:
Remarks:
10309 
as planned
moderate yellowish brown 10YR5/4
10275
dark yellowish brown 10YR4/2
10276 
as planned 
5300 feet asl
dark yellowish brown 10YR4Æ
10277 
as planned 
5205 feet asl 
15 cm
70% rocks, 30% soil, wet 
moderate yellowish brown 10YR5/4
80% hornblende feldspar andésite (latite), 2 0% glassy trachyte 
(phonolite)
latite-1% weak chlorite in groundmass, 1 -2% weak epidote, 2-3% 
brownish limonite g:j:h = 50:20:30
Sample: 10278
Location; as planned
Elevation : 5160 feet asl
A Horizon: 8  cm thick
B Horizon: 65% rocks, 35% soil, saturated
Color: dark yellowish brown 10YR5/4
Rocks: 50% hornblende feldspetr andésite (latite), 50% monzonite
porphyry (trachyte)
Alteration: latite-1 % weak chlorite, weak 1 % epidote
Remarks:
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Sample: 10283
Location: as planned
Elevation : 4875 feet asl
A Horizon; 6  cm thick
B Horizon: 60% rocks, 40% soil, wet
Color: moderate yellowish brown 10YR5/4
Rocks: 100% monzonite porphyry (trachyte)
Alteration : 10% of the trachyte is argillically altered with strong 5% pyrite
replaced by reddish and orange limonite, g:j:h = 25:35:40
Remarks:
Sample: 10282
Location: as planned
Elevation : 4975 feet a^
A Horizon: none
B Horizon : 85% rocks. 15% soil, saturated
Color: moderate brown 5YR3/4
Rocks: 90% monzonite porphyry (trachyte) 10% Ixeccia
Alteration : moderate argillic, strong 5% orange limonite replacing
ferromagnesian minerals and sulfides(?)
Remarks:
Sample; 10281
Location: as planned
Elevation : 4980 feet asl
A Horizon : 15 cm thick
B Horizon: 40% rocks, 60% soil, saturated
Color: moderate yellowish brown 10YR5/4
Rocks: 100% monzonite porphyry (trachyte)
Alteration: moderate to strong argillic, strong >5% hematite disseminated and
replacing ferromagnesian minerals
Remarks:
Sample: 10280
Location: as planned
Elevation ; 4995 feet asl
A Horizon: 5 cm thick
B Horizon: 30% rocks, 70% soil, wet and sandy, little clay
Color: dark y^lowish orange 10YR6/6
Rocks: 90% monzonite porphyry (trachyte), 10% hornblende feldspar
andésite (latite)
Alteration: no longer argillic, moderate 3-4% reddish limonite
Remarks:
Sample: 10279
Location: as planned
Elevation: 5040 feet asl
A Horizon ; 10 cm thick
B Horizon: 60% rocks. 40% soil, wet and clayey
Color: moderate yellowish brown 10YR5/4
Rocks; 100% hornblende feldspar andésite (latite)
Alteration : weak 1 % chlorite replacing hornblende, moderate 2-3% brown limonite also
replacing hornblende, g:j:h = 60:10:30
Remarks:
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Sample: 10179
Location: as planned
Elevation ; 4893 feet asl
A Horizon: none
B Horizon: 90% rocks. 10% soil, wet and clayey
Color: moderate yellowish brown 10YR5/4
Rocks: 100% hornblende feldspar andésite (latite). fine grained, longest
feldspar is ~ 2  mm
Alteration: trace of epidote. 1 % chlorite replacing hornblende, overall
alteration is weak propylitic
Remarks:
Sample: 10178
Location: as planned
Elevation : 4920 feet asl
A Horizon: 3 cm thick
B Horizon : 90% rocks. 10% soil, wet and clayey
Color: dark yellowish brown 10YR4/2
Rocks; 100 % hornblende feldspar andésite (latite) fine grained, talus slope float
Alteration: weak propylitic, weak 1% chlorite In groundmass. weak 1 % magnetite
Remarks:
Sample:
Location:
Elevation:
A Horizon:
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
Sample:
Location:
Elevation:
A Horizon:
B Horizon:
Color:
Rocks:
Alteration:
Remarks;
10177 
as planned
10176 
as planned 
4965 feet asl
Sample: 10175
Location: as planned
Elevation : 4980 feet asl
A Horizon : 10 cm thick
B Horizon : 20% rocks. 80% soil, damp and sandy
Color: dark yellowish brown 10YR4/2
Rocks: 95% hornblende feldspar andésite (latite). 5% oxidized
porphyry(?)
Alteration: latite-weak 1 % chlorite. 2-3% magnetite, the oxidized porphyry has strong. >5%
orange limonite g:j:h = 30:50:20, maybe replacing pyrite
Remarks:
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Sample;
Location:
Elevation:
A Horizon:
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
10174 
as planned 
5000 feet asl 
10  cm thick
85% rocks, 15% soil, wet and clayey 
dusky yellowish brown 10YR2/2
finegrained monzonite porphyry. K-spars to 1 cm in length, 
hornblende and greenish groundmass, tinguaite?, lots of 
sedimentary and igneous inclusions 
trace of disseminated pyrrhotite, weak 1% chlorite replacing 
hornblende, moderate pale brown limonite g:j:h = 40:40:20
1- 2%
Sample:
Location;
Bevation:
A Horizon:
B Horizon: 
Color:
Rocks: shale
Alteration:
Remarks:
10173 
as planned 
5040 feet asl
Sample:
Location:
Elevation:
A Horizon:
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
10172 
as planned 
5065 feet asl
moderate yellowish brown 10YR5/4
50% hornblende feldspar andésite (latite), 50% monzonite
porphyry (trachyte)
latite- weak 1-2% chlorite. 1% epidote, trachyte-3-4% moderate brown limonite, 
g:j:h = 60:20:20
Sample: 10206
Location: as planned
Elevation : 5230 feet asl
A Horizon: 20 cm thick
B Horizon: 90% rocks, 10% soil, damp and clayey
Color: moderate yellowish brown 10YR5/4
Rocks: 90% hornblende feldspar andésite (latite), 10% glassy trachyte
(phonolite)
Alteration: latite-weak chlorite 1% replacing hornblende, 2-3% magnetite,
phonolite-weak 1% reddish limonite replacing sutfides(?)
Remarks;
Sample: 10205
Location: as planned
Elevation : 5265 feet asl
A Horizon: none
B Horizon: 70% rocks, 30% soil, damp
Color: dark yellowish brown 10YR4/2
Rocks: 90% hornblende feldspar andésite (latite), fine grained float and
outcrop, 10% monzonite-porphyry (trachyte) float 
Alteration : moderate disseminated chlorite in groundmass, limonite in
fractures replacing 1% pyrite
-Remarks:
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Sample;
Location:
Elevation:
A Horizon:
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
10204 
as planned 
5415feetasl 
30 cm thick 
damp
dark yellowish brown 10YR4Æ
50% hornblende feldspar andésite (latite) fine grain variety, 50% 
glassy trachyte (phonolite)
latite-weak 1% disseminated chlorite replacing hornblende, 
phonolite- 3-4% orange limonite after disseminated pyrite. g :j:h = 
33:33:33
Sample: 10203
Location: as planned
Elevation : 5440 feet asl
A Horizon : 35 cm thick
B Horizon : 85% rocks. 15% soil, wet and clayey
Color: dark yellowish brown 10YR4/2
Rocks: 100% black shale
Alteration : strong orange limonite on fractures
Remarks:
Sample: 
Location: 
Elevation: 
A Horizon: 
B Horizon: 
Color: 
Rocks. 
Alteration:
Remarks:
Sample: 
Location: 
Elevation: 
A Horizon: 
B Horizon: 
Color: 
Rocks: 
Alteration:
Remarks:
10207 
as planned
5205 feet asl (may be low due to rising pressure)
30 cm thick
75% rocks. 25% soil, wet and clayey
dark yellowish brown 10YR4/2
100% hornblende feldspar andésite (latite)
moderate 3% brown limonite on fractures. g:j:h = 60:20:20,
replacing hornblende, weak 1%dilorite disseminated throughout
the groundmass
10171 
as planned 
5130 feet asl 
30 cm thick
80% rocks. 20% soil, wet and clayey 
dark yellowi^ brown 10YR4/2
100% hornblende feldspar andésite (latite) coarse grained 
weak 1% epidote, moderate 2-3% chlorite replacing hornblende, 
medium brown limonite of fractures replacing chloritized 
hornblende (hornblende -> chlorite > limonite) g:h:j = 60:20:20
Sample: 10170
Location: as planned
Elevation : 5180 feet asl
A Horizon: 20 cm thick
B Horizon: 85% rocks, 15% soil, wet and clayey
Color: dark yellowish brown 10YR4^
Rocks: 100% hornblende feldspar andésite (latite) fine grained
Alteration: weak 1% epidote, weak 1-2% chlorite replacing hornblende, weak
1-2% orange limonite, g:j:h = 33:33:33 replacing hornblende
Remarks:
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Sample:
Location:
Elevation:
A Horizon:
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
Sample: 
Location: 
Elevation: 
A Horizon: 
8  Horizon: 
Color: 
Rocks: 
Alteration:
Remarks:
10169 
as planned 
5230 feet asl 
3 cm thick
80% rocks. 20% soil, saturated clayey /  sandy 
moderate yellowish brown 10YR5/4
90% monzonite porphyry (trachyte), 10% hornblende feldspar 
andésite (latite)
trachyte strong >5% red limonite disseminated, replacing 
sulflde(?) g:j:h = 25:25:50, latite-strong >5% reddish limonite on 
fractures and disseminated g:j:h = 25:25:50
latite outcropping in nearby stream contains ~ 1% disseminated pyrite with chlorite
Sample: 10168
Location: as planned
Elevation : 5300 feet asl
A Horizon: 3 cm thick
B Horizon : 50% rock, 50% soil damp and clayey
Color: moderate yellowish brown 10YR4/2
Rocks: 90% breccia, 5% porphyritic monzonite (trachyte) and 5% glassy
trachyte (phonolite)
Alteration: breccia-strong orange limonite >5% on fractures, replacing pyrite,
g:j:h = 33:33:33
Remarks: crackle breccia on the edge of the porphyritic monzonite (trachyte)
border phase
Sample: 10136
Location: as planned
Elevation : 5255 feet asl
A Horizon: 20 cm
B Horizon : 20% rocks. 80% soil dam p and clayey
Color: moderate yellowish brown 10YR4Æ
Rocks: 100% hornblende feldspar andésite (latite)
Alteration: strong. >5% orange /  brown limonite replacing hornblende, g:j:h
= 40:40:20
Remarks:
10135 
as planned 
5300 feet asl 
30 cm
10% rocks, 90% soil, wet and clayey
dark yellowish brown 10YR4/2
10% shale, 90% hornblende fddspar andésite (latite)
shale- orange limonite lamellae, latite- weak 1-2 %
orange and brown limonite replacing hornblende, g:j:h = 50:30:20
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Sample: 10134
Location: as planned
Elevation : 5385 feet asl
A Horizon; 15 cm thick
B Horizon : 80% rocks. 20% soil, wet and clayey
Color; moderate yellowish brown 10YR5/4
Rocks: 50% hornblende feldspar andésite (latite). 40% porphyritic
monzonite (trachyte), 10% glassy trachyte (phonolite)
Alteration: latite moderate 2-3% chlorite replacing hornblende, trachyte-strong >5% limonite
after pyrite, phonolite-2-3% disseminated brown limonite after pyrite
Remarks:
Sample: 10137
Location: as planned
Elevation : 5205 feet asl
A Horizon : 15 cm thick
8  Horizon : 10% rocks, 90% soil, wet and clayey
Color: moderate yellowish brown 10YR5/4
Rocks: 100% hornblende feldspar andésite (latite)
Alteration: moderate 2-3% brown limonite on fractures and disseminated after hornblende,
g:j:h = 50:25:25
Remarks:
Sample: 10138
Location: as planned
Elevation : 5210 feet asl
A Horizon : 10 cm thick
B Horizon : 80% rocks, 20% soil, wet and clayey / sandy
Color: moderate yellowish brown 10YR5/4
Rocks: 80% monzonite porphyry (trachyte), 20% hornblende feldspar
andésite (latite)
Alteration : trachyte-moderate 2-3% brown limonite on fractures, g :j :h =
60:20:20, latite-trace of chlorite disseminated in groundmass
Remarks:
Sample: 
Location: 
Elevation: 
A Horizon: 
B Horizon: 
Color: 
Rocks: 
Alteration:
Remarks:
Sample: 
Location: 
Elevation: 
A Horizon: 
B Horizon; 
Color: 
Rocks: 
Alteration:
Remarks:
10167 
as planned 
5410 feet asl 
none
50% rocks, 50% soil, damp clayey / sandy
moderate yellowish brown 10YR5/4
70% breccia, 28% porphyritic monzonite (trachyte), 2% shale
breccia- strong limonite >5% on fracture, 1-2% disseminated pyrite, trachyte-
moderate 3-4% limonite on fractures, shale-weak 1-2% pyrite on fractures
10168b
49 feet from 10168 at 258 degree azimuth 
5320 feet asl 
3 cm thick
90% rocks, 10% soil, damp and sandy
moderate yellowish brown 10YR5/4
90% breccia. 10% porphyritic monzonite (trachyte)
breccia-strong orange limonite >5% on fractures, replacing
sulfide(?)
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Sample; 
Location: 
Elevation: 
A Horizon: 
B Horizon: 
Color: 
Rocks: 
Alteration:
Remarks:
Sample: 
Location: 
Elevation: 
A Horizon: 
8  Horizon: 
Color: 
Rocks: 
Alteration:
Remarks:
10166 
as planned 
5490 feet asl 
10  cm thick
75% rocks, 25% soil, wet and clay 
moderate yellowish brown 10YR5/4 
100% breccia and crackle breccia
strong 5% dark brown and orange limonite on fractures, g:j:h = 
60:20:20, moderately strong 3-5% disseminated pyrite on most 
fractures
Sample: 10165
Location: 60 feet west of planned location
Elevation : 5620 feet asl
A Horizon : 10 cm thick
B Horizon : 20% rocks, 80% soil, wet and clayey
Color: moderate yellowish brown 10YR5/4
Rocks: 90% breccia, coarse grained, 10% monzonite porphyry (trachyte)
Alteration : breccia-most strongly argillic, strong ~5% disseminated pyrite
replaced by brown limonite g:j:h = 60:20:20
Remarks:
Sample: 10164
Location : as planned
Elevation : 5340 feet asl
A Horizon: none
B Horizon: 50% rocks, 50% soil, wet and clayey
Color: moderate yellowish brown 10YR5/4
Rocks: 100% breccia
Alteration: most strong argillic, possibly partial silicification, 10% total limonite
on fractures and ~5% disseminated limonite after pyrite
Remarks:
10163 
as planned 
5840 feet asl 
10  cm thick
60% rocks, 40% soil, wet and clayey
moderate yellowish brown 10YR5/4
100% breccia, half of the rocks have a greenish matrix
less argillic than 10164, and perhaps more silicification, strong 5%
disseminated pyrite on most fractures, replaced by brown and orange limonite
and staining on fractures
thin section 10163t.s.
Sample: 10133
Location: as planned
Elevation: feet asl
A Horizon:
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
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Sample;
Location:
Elevation:
A Horizon:
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
Sample: 
Location: 
Elevation: 
A Horizon: 
B Horizon: 
Color: 
Rocks: 
Alteration:
Remarks:
Sample:
Location:
Elevation:
A Horizon:
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
10132 
as planned 
feet asl
10131 
as planned 
5730 feet asl 
2 0  cm thick
80% rocks, 20% soil, damp and clayey 
moderate yellowish brown 10YR5/4 
100% porphyritic monzonite (trachyte)
3-4 % disseminated pyrite, strong argillic alteration, possible 
silicification, strong 5% brown, red and orange limonite replacing 
the disseminated pyrite and on fractures
10130 
as planned 
5845 feet asl 
5 cm thick
50% rocks, 50% soil, saturated and clayey 
moderate yellowish brown 10YR5/4
70% brecciated porphyritic monzonite (breccia), 30% porphyritic 
monzonite (trachyte)
breccia- strong argillic, possibly silicified, strong >5% hematite on 
fractures and disseminated after replacing 3-4% disseminated pyrite, trachyte- 
strong argillic, possitMy silicified, moderate 3-4% orange limonite g:j:h = 33:33:33, 
replacing 2-3% disseminated pyrite
Sample: 10129
Location: as planned
Elevation: 5925 feet asl (too high)
A Horizon : 15 cm thick
B Horizon: 60% rocks. 40% soil, damp and clayey
Color: dark yellowish orange 10YR6/6
Rocks: 90% breccia, 10% porphyritic monzonite (trachyte)
Alteration: breccia-strong argillic, possibly silicified, strong >5% hematite on
fractures and disseminated after 2-3% pyrite
Remarks:
Sample: 10239
Location : as planned
Elevation : 5529 feet asl
A Horizon : 10 cm thick
B Horizon : 80% rocks, 20% soil, damp and clayey
Color: dark yellowish brown 10YR4/2
Rocks: 50% hornblende feldspar andésite (latite). 50% glassy trachyte
(phonolite)
Alteration : latite-2-3% magnetite, trace of chlorite in groundmass
Remarks:
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Sample: 10238
Location: as planned
Elevation : 5585 feet asl
A Horizon: 15 cm thick
B Horizon : 40% rocks, 60% soil, damp and clayey
Color: moderate yellowish brown 10YR5/4
Rocks: 100% glassy trachyte (phonolite)
Alteration: 10% of the rocks has moderate orange limonite on fractures
replacing 1-2% disseminated pyrite
Remarks:
Sample: 10237
Location: as planned
Elevation : 5628 feet asl
A Horizon: 25 cm thick
B Horizon: 60% rocks, 40% soil, wet and clayey
Color: moderate yellowish brown 10YR5/4
Rocks: 100% glassy trachyte (phonolite)
Alteration: weak orange limonite, 1 % on the edges of inclusions and the rare feldspar
Remaries:
Sample: 10236
Location: as planned
Elevation: 5697 feet asl
A Horizon : 10 cm thick
B Horizon: 40% rocks, 60% soil, wet and clayey
Color: moderate yellowish brown 10YR5/4
Rocks: 100% glassy trachyte (phonolite)
Alteration : only a single rock had weak 1 -2% disseminated pyrite replaced by
orange limonite, g:j:h = 33:33:33
Remarks:
Sample:
Location:
Elevation:
A Horizon:
B Horizon:
Color:
Rocks:
Alteration:
Remarks;
10202  ^  
as planned 
5484 feet asl 
30 cm thick
70% rocks, 30% soil, damp and clayey
moderate yellowish brown 10YR5/4
80% monzonite porphyry (trachyte) 2 0% glassy trachyte
(phonolite)
trachyte-mostly unaltered, only 2-3% of the hornblende has been 
replaced by brownish / orange limonite. g j h = 50:25:25, trachyte- 
10% is weakly argillic and has 1 -2% disseminated pyrite replaced 
by orange limonite, g:j:h = 33:33:33
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Sample: 10201a
Location: as planned
Elevation : 5508 feet asl
A Horizon: none to 5cm thick, spotty
B Horizon : 80% rocks, 20% soli. damp, sandy / clayey
Color: dark yellowish brown 10YR4/2
Rocks: three t^ es  found as float: breccia, monzonite porphyry (trachyte),
fine grained hornblende feldspar andeslte (latite)
Alteration: latlte-carbonate velning, 1% disseminated pyrite In groundmass and 2-3% pyrite
along fractures, strong orange limonite replacing hornblende and some pyrite in 
fractures, trachyte-strongly argillic, almost friable, no silicification, 2-3% 
disseminated pyrite replaced by limonite, K-spars appear fresh, breccia- weak 1 % 
pyrite In matrix, strong orange limonite staining along fractures and in pockets in 
the matrix, cait>onate velning
Remarks:
Sample:
Location:
Elevation:
A Horizon:
8 Horizon:
Color:
Rocks:
Alteration:
Remarks:
Sample: 
Location: 
Elevation: 
A Horizon: 
B Horizon: 
Color: 
Rocks: 
Alteration:
Remarks:
Sample: 
Location: 
Elevation: 
A Horizon: 
B Horizon: 
Color: 
Rocks: 
Alteration:
Remarks:
10201b 
as planned 
5490 feet asl 
none
80% rocks, 20% soil, damp and clayey 
moderate brown 5YR4/4
predominately hornblende feldspar andeslte (latite), sam^e 10201a Is 
predominately breccia
10200 
as planned 
5628 feet asl 
3 cm thick 
damp
moderate yellowish brown 10YR5/4
60% breccia, 40% monzonite porphyry (trachyte)
breccia-very strong hematite and yellowish staining g:j:h =
25:60:15, moderate argillic, strong 5% disseminated pyrite with the
argillic alteration, trachyte-1% chlorite In greenish groundmass, 2-
3% orange limonite replacing disseminated pyrite In the
groundmass
10199 
as planned 
5697 feet asl 
3 cm thick
70% rocks, 30% soil, wet clayey / sandy
moderate yellowish brown 10YR5/4
90% monzonite porphyry (trachyte), 10% breccia
trachyte-moderate orange limonite after maflcs, trace to 1% chlorite
likely In the greenish groundmass, breccia-strong reddish limonite on fractures
and disseminated after the pyrite, g:j:h = 25:25:50
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Sample; 10198
Location: as planned
Elevation: 5795 feet asl
A Horizon : 3 cm thick
B Horizon: 90% rocks, 10% soil, wet clay
Color: moderate yellowish brown 10YR5/4
Rocks: 60% crackle breccia. 40% porphyritic monzonite (trachyte)
Alteration: moderate to strong reddish limonite on fractures and disseminated
throughout the groundmass replacing 2-3% mafics
Remarks:
Sample: 10197
Location : as planned
Elevation : 5865 feet asl
A Horizon: 3 cm thick
8 Horizon: 70% rocks. 30% soil, wet clay
Color: moderate yellowish brown 10YR5/4
Rocks: brecciated porphyritic monzonite (trachyte)
Alteration: moderate strong yellowish brown limonite replacing mafics and 1 -
2% disseminated pyrite
Remarks:
Sample: 
Location: 
Elevation: 
A Horizon: 
8 Horizon: 
Color: 
Rocks: 
Alteration:
Remarks:
Sample: 
Location: 
Elevation: 
A Horizon: 
B Horizon: 
Color: 
Rocks: 
Alteration:
Remarks:
10128 
as planned 
5913 feet asl 
45 cm
30% rocks. 70% soil, damp and clayey 
dark yellowish brown 10YR4/2 
100% breccia
moderate argillic. strong orange limonite staining, g:h:j = 33:33:33,
on fractures and disseminated throughout the groundmass
replacing 2-3% pyrite, first occurrence of quartz veining seen in the breccia, vein
is 8 mm across and filled with crystalline quartz, secondary silicification may be
present in the groundmass as small blebs
silicification postdates brecciation
10094 
as planned 
5890 feet asl 
20 cm thick
70% rocks. 30% soil, damp clay 
dark yellowish brown 10YR4/2
60% hornblende feldspar andésite (latite) coarse grained, 40% breccia 
latite-brown limonite replacing mafics. 2-4% chlorite in the green 
groundmass, breccia- strong >5% yellow and brown limonite on 
fracture, 3-4% disseminated pyrite in the weakly argillic 
groundmass
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Sample;
Location:
Elevation:
A Horizon:
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
Sample:
Location:
Elevation:
A Horizon;
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
10093 
as planned 
5820 feet asl 
15 cm thick
50% rocks, 50% soil, wet and very clay-rich
moderate yellowish brown 10YR5/4
70% hornblende feldspar andeslte (latite), 30% porphyritic
monzonite (trachyte)
latite-1-2% orange limonite replacing mafics, g:]:h = 33:33:33, trace of 
disseminated sulfide, pyrite(?) or sphalerite(?), trachyte-2-4% brownish limonite, 
g:j:h = 60:20:20, on fractures and replacing 2-3% disseminated pyrite
10092 
as planned 
5718 feet asl 
8 cm thick
70% rocks, 30% soil
moderate yellowish brown 10YR5/4
70% porphyritic monzonite (trachyte). 30% hornblende feldspar 
andeslte (latite)
trachyte-strong 3-7% orange limonite, g:j:h = 33:33:33, replacing
mafics, 1-2% disseminated pyrite, largely replaced by limonite, latite-5% orange
limonite replacing mafics, weak 1% pyrite
Sample: 10095
Location: as planned
Elevation : 5865 feet asl
A Horizon: 15 cm thick
B Horizon: 70% rocks. 30% soil, damp clay
Color: dark yellowish brown 10YR4/2
Rocks: 100% hornblende feldspar andeslte (latite)
Alteration : 2-3% orange limonite after mafics, 1 -2% pyrite, 1 % chlorite after
hornblende
Remarks:
Sample: 10096
Location: as planned
Elevation : 5832 feet asl
A Horizon : 15 cm thick
B Horizon : 95% rocks, 5% soil, damp clay
Color: dark yellowish brown 10YR4/2
Rocks: 100% hornkWende feldspar andésite (latite)
Alteration: 3-4% orange limonite, g:j:h = 33:33:33 replacing mafics, 1%
disseminated pyrite, some pyrite cubes to 1.5 mm across
Remarks:
Sample: 10127
Location: as planned
Elevation : 5865 feet asl
A Horizon: 8 cm thick
B Horizon: 40% rocks, 60% soil, wet and clayey
Color: moderate yellowish brown 10YR5/4
Rocks: 100 % breccia, fine grained
Alteration: 4-6% orange limonite disseminated throughout replacing mafics
and the 1-2% disseminated pyrite in the groundmass
Remarks:
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Sample; 
Location: 
Elevation: 
A Horizon: 
B Horizon: 
Color: 
Rocks: 
Alteration:
Remarks:
Sample:
Location:
Elevation:
A Horizon:
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
Sample: 
Location: 
Elevation: 
A Horizon: 
B Horizon: 
Color: 
Rocks: 
Alteration:
Remarks:
Sample:
Location:
Elevation:
A Horizon:
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
10126 
as planned 
5805 feet asl 
10 cm thick
70% rocks, 30% soil, wet and clayey 
dark yellowish brown 10YR4/2 
100% fine gained breccia
5% orange limonite, g:j:h = 33:33:33, replacing the mafic minerals.
3-5% disseminated pyrite in groundmass, replaced by brown 
limonite, g:j:h = 60:20:20
10162 
as planned 
5841 feet asl 
10 cm thick
40% rocks, 60% soil, damp and clayey 
moderate yellowish brown 10YR5/4
90% coarse grained breccia, 8% hornblende feldspar andeslte (latite). 2% 
monzonite porphyry (trachyte)
breccia->5% brown and yellow limonite disseminated throughout 
after replacing 2-3% pyrite in the groundmass, trachyte-1% orange 
limonite after mafics, 1 % chlorite after mafics, latite-2-3% brown latite after 
hornblende, 1% chlorite replacing hornblende
10161 
as planned 
5772 feet asl 
10 cm thick
70% rocks, 30% soil, wet and clayey 
moderate yellowish brown 10YR5/4
80% coarse grained breccia, 20% monzonite porprfiyry (trachyte)
breccia-8-10% orange limonite disseminated throughout,
replacing mafic minereils and clasts, 2-3% disseminated pyrite
replaced by brown limonite, trachyte- moderate limonite in
groundmass, weak 1% chlorite in the pale green groundmass
trachyte also found nearby as 1 m diameter boulders, may be a dike cutting the
breccia
10235 
as planned 
5635 feet asl 
5 cm thick
70% rocks. 30% soil, wet and clayey
moderate yellowish brown 10YR5/4
60% monzonite porphyry (trachyte), 40% glassy trachyte
(phonolite)
trachyte-weak orange /  red limonite on weathered surfaces, weak 1% 
disseminated aegirlne needles in groundmass and in K-spars, less than 5% of the 
traqhyte had weak 1% disseminated pyrite, phonolite-atx>ut half has a reddish 
hematitic color throughout, caused by weak 1% disseminated pyrite
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Sample: 
Location: 
Elevation: 
A Horizon: 
B Horizon: 
Color: 
Rocks: 
Alteration:
Remarks:
Sample: 
Location: 
Elevation: 
A Horizon: 
B Horizon: 
Color: 
Rocks: 
Alteration:
Remarks:
Sample:
Location:
Elevation:
A Horizon:
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
10234 
as planned 
5670 feet asl 
8 cm thick
70 % rocks. 30 % soil, wet and clayey/sandy
moderate yellowish brown 10YR5/4
60% breccia, 40% glassy trachyte (phonolite)
breccia-strong argillic, 5% disseminated pyrite, strong orange and
brown limonite r^lacing the pyrite and along fractures, phonolite-
moderate-strong orange limonite and red hematite on
weathered surfaces and fractures. 1% pyrite in groundmass
Sample: 10233
Location : as planned
Elevation : 5720 feet asl
A Horizon: 1 cm thick
B Horizon: 50 % rocks, 50 % soil, wet and clayey/sand
Color: moderate yellowish brown 10YR5/4
Rocks: 100% fine grained breccia
Alteration: strong 5% yellowish/orange limonite g:j:h = 25:50:25 on fractures.
white argillic groundmass with weak 1-2% disseminated pyrite
Remarks:
10232 
as planned 
5715 feet asl 
10 cm thick
20 % rocks, 80 % soil, damp clay 
moderate yellowish brown 10YR5/4 
100% monzonite porphyry (trachyte)
moderate orange limonite g:j:h = 33:33:33, replacing mafics, weak 
1% chlorite replacing mafics and disseminated throughout the 
greenish groundmass
10231 
as planned 
5780feet asl 
9 cm thick
80 % rocks, 20 % soil, wet and clayey 
moderate yellowish brown 10YR5/4
60% porphyritic monzonite (trachyte), 40% breccia, fine grained 
variety
trachyte-surface strewn boulders are very fre^ , with just a trace of 
mafics. subsurface trachyte has 3-5% hematite near the 
weatttering surface, and moderate 3-5% orange limonite replacing 
mafics in the groundmass. breccia- strong orange/brown limonite 
replacing mafics and clasts, possible sulfides, weak argillic
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Sample; 
Location: 
Elevation: 
A Horizon: 
B Horizon: 
Color; 
Rocks: 
Alteration:
Remarks:
Sample; 
Location: 
Elevation: 
A Horizon: 
B Horizon; 
Color: 
Rocks: 
Alteration:
Remarks:
Sample:
Location:
Elevation:
A Horizon:
B Horizon:
Color:
Rocks:
Alteration:
Remarks:
Sample: 
Location: 
Elevation; 
A Horizon: 
B Horizon: 
Color: 
Rocks: 
Alteration:
Remarks:
10230 
as planned 
5690 feet asl 
10 cm thick
70 % rocks. 30 % soil, damp clay
dark yellowish brown 10YR4/2
100% brecciated monzonite porphyry (trachyte)
moderate 3-4% chlorite alteration of clasts and disseminated
throughout out the greenish groundmass, moderate to strong 3-
5% orange limonite g:j:h = 33:33:33 on fractures and replacing 1%
disseminated pyrite
brecciation occurred after the emplacement of the trachyte
10196 
as planned 
5810 feet asl 
5 cm thick
90 % rocks, 10 % soil, damp clay, lots of organic material, soil is scarce 
dark yellowish brown 10YR4/2
80% coarse grained breccia, 20% monzonite porphyry (trachyte) 
breccia-weak to moderate, 1 -2% red/orange limonite replacing mafics and weak 
1% disseminated pyrite in groundmass, trsKjhyte-moderate, 2-3% chlorite 
replacing most mafics and contribute to the green groundmass, weak 1% orange 
limonite after mafics
10195 
as planned 
5695 feet asl 
10 cm thick
80 % rocks, 20 % soil, wet and clayey 
moderate brown 10YR4/4
95% breccia, mostly clast supported and coarse-grained, 5% 
monzonite porphyry (trachyte)
breccia-moderate 3-4% orange limonite replacing mafics and clasts, trachyte- 
moderate 2-3% disseminated chlorite replacing mafics and disseminated 
throughout the groundmass
10266 
as planned 
5745 feet asl 
8 cm thick
20 % rocks, 80 % soil, wet and clayey
moderate yellowish brown 10YR5/4
60% glassy trachyte (phonolite), 40% breccia
phonoiite-strong >5% orange limonite on fractures, g:j:h =
33:33:33, breccia-quartz veining found, 3mm width but only 2 cm
in length, filled with crystalline quartz, moderate 2-3%
disseminated pyrite in matrix
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Sample;
Location:
Elevation:
A Horizon;
8 Horizon:
Color;
Rocks:
Alteration:
Remarks:
Sample: 
Location: 
Elevation: 
A Horizon: 
8 Horizon: 
Color: 
Rocks: 
Alteration:
Remarks:
Sample:
Location:
Elevation;
A Horizon:
8 Horizon:
Color:
Rocks:
Alteration:
Remarks:
Sample: 
Location: 
Elevation: 
A Horizon: 
8 Horizon: 
Color: 
Rocks: 
Alteration:
Remarks:
10265 
as planned 
5660 feet asl 
10 cm thick
60 % rocks, 40 % soil, damp clay 
dark y^lowish brown 10YR4/2
60% hornblende feldspar andeslte (latite) fine grained, 30% breccia, 
10% monzonite porphyry (trachyte)
latite-weak 1-2% disseminated orange limonite replacing mafics, 
weak 1-2% disseminated magnetite, weak 1% chlorite replacing 
hornblende, breccia-strong orange and red limonite on fractures, 
trachyte-moderate strong hematite on weathered surfaces
10300 
as planned 
5680 feet asl 
a cm thick
50% rocks, 50% soil, damp and clayey
moderate yellowish brown 10YR5/4
100% monzonite porphyry (trachyte)
about 10% of the trachyte has moderate 3-4% reddish and
yellowish limonite disseminated throughout replacing mafics and
the 3-4% disseminated pyrite, most of the porj^yry is very fresh
with weak, -1%  chlorite replacing the hornblende
10336 
as planned 
5575 feet asl 
8 cm thick
70% rocks, 30% soil, damp and clayey
moderate yellowish brown 10YR5/4
70% hornblende feldspar andésite (latite), 20% breccia, 10%
monzonite porphyry (trachyte)
latite-weak 1-2% magnetite, trace of pyrite, weak 1% chlorite after 
mafics. breccia- moderate orange limonite on fractures and 
replacing mafics and clasts, trachyte-moderate hematite on 
weathered surfaces
10372 
as planned 
5460 feet asl 
10 cm thick
70% rocks, 30% soil, wet clay
moderate yellowish brown 10YR5/4
95% breccia, 5% hornblende feldspar andeslte (latite)
breccia- strong 5% orange limonite, g:j:h = 33:33:33 on fractures
and replacing mafics and clasts, moderate 2-4% disseminated pyrite in
matrix, latite-strong reddish limonite, g:j;h = 40:20:40 replacing hornblende, weak
1 % disseminated magnetite
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Sample; 10285
Location: as planned
Elevation : 4960 feet asl
A Horizon : 3 cm thick
B Horizon: 80% rocks. 20% soil, wet and clayey
Color: moderate yellowish brown 10YR5/4
Rocks: 100% monzonite porphyry (trachyte)
Alteration: weak to moderate, 2*3% orange limonite. g:j:h = 33:33:33
replacing mafics, trace of chlorite, <1% replacing mafics
Remarks:
Sample:
Location:
Elevation:
A Horizon:
8  Horizon:
Color:
Rocks:
Alteration:
Remarks:
10286 
as planned 
5040 feet asl 
10 cm thick 
damp and clayey
moderate yellowish brown 10YR5/4
90% monzonite porphyry (trachyte). 10% porphyritic monzonite 
(trachyte)
monzonite porphyry (trachyte)- weak 1-2% hematite staning 
throughout the groundmass and replacing mafics, manganese oxides 
on fractures, porphyritic monzonite (trachyte)-weak to moderate 2-3% orange 
limonite. g:j:h = 33:33:33 replacing mafics
porphrytic monzonite and monzonite porphyry have the same mineralogy, but 
are texturally different
Sample: 10287
Location: as planned
Elevation: 5125 feet asl
A Horizon: 3 cm thick
B Horizon: 60% rocks. 40% soil, dry and clayey
Color: moderate yellowish brown 10YR5/4
Rocks: 100% monzonite porphyry (trachyte)
Alteration: weak to moderate. 2-3% reddish to orange limonite or hematite
replacing mafics, yellowish orange limonite on fractures
Remarks:
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Appendix C Breccia slab and polished section descriptions
Eleven breccia samples were collected and slabbed to reveal textural 
and pétrographie characteristics. These rocks do not have assigned sample 
locations as most were collected from streams. Slabs and polished sections are 
numbered BF-1 through BF-11. The prefix BF is an abbreviation for breccia 
float. The following are brief descriptions of the slabs and polished sections.
BF-1 The sample is composed of well rounded clasts of intrusive rock to 4 mm in diameter, 
imbedded in a fine grained matrix of silicified rock flour. Pyrite, to 1% is disseminated throughout 
the matrix. Approximately 90% of the pyrite is replaced by limonite. Porosity is near zero.
BF-2 Sample BF-2 is heavily stained by reddish iron oxides. Aphanitic igneous rock composes 
most clasts. Fractured clasts exhibit only ̂ ight dislocation. The matrix between the large clasts is 
crowded with angular fragments of the same rock. The matrix is somewhat vuggy with a porosity 
estimated at 5%. Mafrix to clast ratio is 10:90.
BF-3 The slab is heavily stained by iron oxides in both the matrix and the majority of the clasts. 
The clasts are sub-rounded to sub-angular and are to 2 cm in length. Reddish and black siltstones 
comprise the clasts which are cemented by a whitish-pink matrix. Some clasts have been partially 
dissolved resulting in a vuggy rock with 2-3% porosity.
BF-4 Sample BF-4 is composed of subrounded to subangular siltstone clasts to 2 cm in 
length. Fine grained, limonite stained matrix supports the clasts. Some siltstone clasts are 
replaced by iron oxides and are partially dissolved resulting in the common vugginess and 
porosity of 1-2%.
BF-5 A slurry of rock flour and secondary silica cements angular to subangular clasts of 
siltstones and fined grained igneous roc*. Iron oxide heavily stains the sample which has the 
common vuggy texture. Porosity is estimated at 1 %.
BF-6 Subangular to subrounded clasts of siltstone are cemented by a white, fine grained matrix 
that is partially silicified. Clast to matrix ratio is 50:50. The largest clasts are 2 cm in diameter. Iron 
oxidation is weak, limonite is present only where it has replaced the 1% disseminated pyrite. 
Porosity is nonexistent.
BF-7 Slightly rounded euhedral orthcxzlase to 1cm x 3cm and subangular orthoclase fragment 
are the dominant clasts. Clast to matrix ratio is 40:60. fVlatrix is light gray with 1 -2% disseminated 
pyrite replaced by limonite. Rock is not silicified.
BF-8 Clasts include rounded latite fragments, angular, black siltstone fragments (to 5 cm in 
length), and pieces of previously formed brewia. The matrix is a medium brown color and is 
silicifi^. The matrix to clast ratio is 50:50. One percent pyrite is deseminated throughout the 
matrix with approximately 60% of it replaced by limonite. The porosity is less than 1 %.
BF-9 Subround to round clasts of hornblende bearing latite are dominant in this rock. Small 
angular fragments of black siltstone is also seen. The matrix to clast ratio is 10:90 with the matrix 
restricted to narrow channels between clasts. The matrix is not silicified and the rock has less than 
1% porosity. Limited limonitic alteration is along small fractures and has replaced some mafic 
minerals in the latite.
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BF-10 This sample is composed of large, 5-10 cm in length, clasts of latite and porphyritic trachyte 
cemented by a coarse-grained, fragment filled matrix. The matrix to clast ratio is 5:95. Iron 
oxidation is common. Most of the mafic minerals are replaced by limonite. resulting in a porosity of 
2-3%.
BF-11 Sample BF-11 is composed of clasts less than 5mm in diameter supported by a medium 
gray matrix. The matrix to clast ratio is 80:20. Most clasts are round but several remain subangular. 
Limonite has replaced the mafic clasts. Disseminated limonite is in the matrix but it does not 
appear to be replacing pyrite. The rock is weakly silicified with less than 1 % porosity.
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Appendix D Water Sampling-methods and data
Anticipating possible future development of the West Butte prospect, 
Coeur Explorations, Inc., began a water sampling program to document the 
existing water quality. Four sites were selected Three sample sites were on the 
largest creeks draining the interior regions of West Butte. A fourth site was the 
potable water source for the West Butte Ranch. All samples were collected, 
prepared and analyzed in accordance with the United States Environmental 
Protection Agency Manual ERA 600/4-79-020, "Methods for Chemical Analysis 
of Water and Wastes."
Collection at each site involved filling four 1 -liter plastic bottles with 
water. Two of the bottles contained either 1ml HNO3, or 1ml NaOH as a 
preservative. The two remaining bottles contained no preservatives. Both 
bottles containing the preservatives and one additional bottle were filled with 
water that had passed through a paper filter. Unfiltered, unpreserved water filled 
the remaining bottle. Sampling was completed within six hours on May 20,
1992. The bottles were sealed and packed in ice and shipped overnight to the 
processing lab
Approximately thirteen months later the collection was repeated.
Sampling was delayed until flow conditions in the streams were similar to the 
previous year. All four sites were resampled in the same location. Additionally, 
two other sites were sampled. One was McDonald Creek, and the other was the 
potable water source for Jay Clark's ranch. Collection methods differed slightly 
from the previous year Only three 1-liter plastic bottles were collected at each 
site. Use of preservatives are identical, but the water was not filtered, this in 
accordance with the lab's instructions. Sampling took four hours on June 8,
1993. All samples were sealed and packed in ice-filled containers. They were
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shipped overnight to the lab.
The following sites were sampled:
Pratt Canvon. sample designations PC 1 and PC 2
The site is on the southwest side of West Butte, approximately 1.9 km 
northeast of the intersection of Pratt Canyon creek and Coal Mine Road. The 
creek is likely ephemeral in late summer and in drought conditions. It receives 
moderate use by cattle and wildlife as a water source.
Deer Creek, sample designations DC 1 and DC 2
This site is on the northeast side of West Butte, approximately 400 m east 
of the residences at Jay Clark's ranch, downstream of the confluence of Deer 
Creek and a smaller, unnamed ephemeral stream. Cattle heavily use the site as 
a water source. Grasses, shrubs and small bushes are common in the area.
West Butte ranch, sample designations CC 1 and WB 2
A hose at the southwest corner of a large garage was sampled. The 
garage is on the north side of Coal Mine road. Potable water is from a well of 
unknown depth. The second year collection at this site was mislabeled as WB 2 
instead of CC 2.
McDonald Creek, sample designation MC 1
McDonald Creek drains the northeastern portion of West Butte. The 
sampling site is approximately 330 m south of the abandoned Roscoe Ranch 
and just east of the confluence of McDonald Creek and a lesser, unnamed 
stream. McDonald Creek is likely ephemeral in late summer and drought 
conditions.
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Fred and Georoe Creek, sample designations FAG 1 and FAG 2
The site is approximately 300 m west of the intersection of the Fred and 
George Creek access road and the section line. Tall grasses and brush 
dominant the site but several large trees grow in the stream channel near the 
sampling site. It is likely also ephemeral in late summer and drought conditions.
Jav Clark's ranch, sample designation JO 1
Sample was collected from the kitchen sink at the main residence. The 
source of this water is likely a well, but this is unconfirmed. It is unknown if this 
water is treated prior to delivery to the house, however this is unlikely.
Water Sampling-data
All samples were analyzed at Huntingdon, Chen-Northern, Inc., 600 
South 25th Street, P. O. Box 30615, Billings, MT 59107, (406) 248-9161, in 
accordance with the United States Environmental Protection Agency Manual 
EPA 600/4-79-020, " Methods for Chemical Analysis of Water and Wastes.”
A (<) sign indicates the value was reported below the minimal practical 
detection limit. Concentrations of analyte below this concentration were not 
quantifiable.
Included in this appendix is a listing of current Environmental Protection 
Agency standards for drinking water quality, Code of Federal Regulations 40, 
part 141 : National Primary drinking Water Regulations, and part 143: National 
Secondary Drinking Water Regulations, revised as of July 1, 1992.
In all analyses, the presence of contaminants is very near or below 
practical detection limits. Iron, silver and zinc are the only metals reported
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above detection limit. All metals, except antimony, are approximately 10 to 100 
times below EPA maximum concentration levels (MCL) for public water 
supplies. The MCL for antimony Is 0.005 mg/l. The lab reported that antimony 
concentration is below detection at 0.05 mg/l. Thus it is unknown if the level of 
antimony exceeds the MCL. The anions, fluoride and sulfate are approximately 
an order of magnitude t)elow the MCL and the pH is slightly basic in most 
samples but within the acceptable range in all samples. The potable water at 
Jay Clark's ranch, sampling site JC 1, is slightly acidic. Total dissolved solids for 
all samples is roughly half of the MCL.
A duplicate analysis of FAG 2 agreed with the initial analysis. A spiked 
sample of JC 1 ranged from 88 to 110% of the standard. The results of duplicate 
or spiked analyses of the samples collected in 1992 are unknown.
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Primary Drinking Water Standards^
Contaminant MQL2 Contaminant
Antimony 0.005 mg/l Fluoride
Arsenic 0.05 mg/l Lead
Barium 1 mg/l Mercury
Beryllium 0.001 mg/l Nickel
Cadmium 0.01 mg/l Nitrate (total)
Chromium 0.05 mg/l Selenium
Copper 1.0 mg/l Sulfate
Cyanide 0.2 mg/l Thallium
Secondary D rink ing  W ater Standards»
Contaminant MCL Contaminant
Aluminum
Chloride
Color
Copper
Corrosivity
Fluoride
Foaming Agents 
Iron
MCL
4 mg/l 
0.05 mg/l 
0.002 mg/l 
0.1 mg/l 
10 mg/l 
0.01 mg/l 
500 mg/l 
0.001
MCL
0.05 to 0.2 mg/l 
250 mg/l 
15 color units 
1 mg/l
non-corrosive 
2.0 mg/l 
0.5 mg/l 
0.3 mg/l
Manganese 0.05 mg/l
Odor 3 threshold odor numbers
6.5 - 8.5pH
Silver
Sulfate
TDS^
Zinc
0.1 mg/l 
250 mg/l 
500 
5 mg/l
1. Primary drinking water standards are set for health reasons. Exceeding 
these standards is considered adverse to human health. These figures are 
derived from the Code of Federal Regulations 40, part 141 : National Primary 
Drinking Water Regulations, revised as of July 1, 1992.
2. MCL means the maximum contaminant level. This is the maximum 
permissible level of a contaminant in water which is delivered to any user of a 
public water system.
3. Secondary drinking water standards control contaminants that primarily 
affect the aesthetic qualities of drinking water. At considerable higher 
concentrations of these contaminants, health implications may also exist. These 
figures are derived from the Code of Federal Regulations 40, part 143; National 
Secondary Drinking Water Regulations, revised as of July 1, 1992.
4. Total dissolved solids
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Client Name: 
Project No: 
Project Name: 
Collected By: 
Sample Type: 
Sample Name:
Coeur Explorations, Inc.
92-920
Lewlstown, MT 
Peter A. Mitchell 
surface water
FAG 1 Fred and George Creek
Lab No: 128117
Sample Date: 05/20/92
Time Sampied: 1525
Parameter
Anions:
Measured
Value
Cations:
Date
Analyzed
Alkalinity Bicarbonate as HCO3 107 mg/l 06/09/92
Alkalinity Carbonate as CO3 0 mg/l 06/09/92
Alkalinity Hydroxide as OH 0 mg/l 06/09/92
Alkalinity Total as CaC03 87 mg/l 06/09/92
Fluoride as F 0-15 mg/l 06/12/92
Sulfate as SO4 54 mg/l 06/26/92
Calcium as Ca 48 mg/l 05/29/92
Inoroanics:
Cyanide as CN (free) * mg/l 06/04/92
Cyanide as CN (total) <0.005 mg/l 06/04/92
Cyanide as CN (weak acid dissociable) mg/l 06/04/92
Electrical Conductivity 310 umhos/cm 06/04/92
pH 8.24 S.U.
Total Dissolved Solids 198 mg/l 05/28/92
Total Suspended Solids 5 mg/l 05/28/92
Metals:
Antimony as Sb (total) <0.05 mg/l 06/19/92
Arsenic as As (total) <0.005 mg/l 05/28/92
Cadmium as Cd (tot^) <0.005 mg/l 06/19/92
Cobalt as Co (total) <0.05 mg/l 06/19/92
Copper as Cu (total) <0.02 mg/l 06/19/92
Iron as Fe (total) <0.05 mg/l 06/19/92
Lead as Pb (total) <0.02 mg/l 06/19/92
Manganese as Mn (total) <0.02 mg/l 06/19/92
Mercury as Hg (total) <0.0002 mg/l 05/29/92
Molybdenum as Mo (total) <0.05 mg/l 06/19/92
Silver as Ag (total) 0.02 mg/l 06/19/92
Titanium as Ti (total) <0.02 mg/l 06/22/92
Zinc as Zn (toteti) 0.06 mg/l 06/19/92
Nutrients:
Nitrate + Nitrite as N 0.24 mg/l 05/22/92
Phosphorus Total 0.02 mg/l 06/10/92
* A na l^ is  not required if the Total Cyanide is <0.005 mg/l.
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Client Name: 
Project No: 
Project Name: 
Collected By: 
Sample Type: 
SampleName:
Coeur Explorations, Inc.
92-920
Lewistown, MT 
Peter A. Mitchell 
surface water 
DC 1 Deer Creek
Lab No: 128118
Sample Date: 05/20/92
Time Sampled: 1235
Measured
Value
Parameter
Anions:
Alkalinity Bicarbonate as HCO3 
Alkalinity Carbonate as CO3 
Alkalinity Hydroxide as OH 
Alkalinity Total as CaC03 
Fluoride as F 
Sulfate as SO4
Cations:
Calcium as Ca
Inorganics:
Cyanide as CN (free)
Cyanide as CN (total)
Cyanide as CN (weak acid dissociable)
Electrical Conductivity 
pH
Total Dissolved Solids 
Total Suspended Solids
Metals:
Antimony as Sb (total)
Arsenic as As (total)
Cadmium as Cd (total)
Cobalt as Co (total)
Copper as Cu (total)
Iron as Fe (total)
Lead as Pb (total)
Manganese as Mn (total)
Mercury as Hg (total)
Molybdenum as Mo (total)
Silver as Ag (total)
Titanium as Ti (total)
Zinc as Zn (total)
Nutrients:
Nitrate + Nitrite as N 
Phosphorus Total
* Analysis not required if the Total Cyanide is <0.005 mg/l.
Date
Analyzed
160 mg/l 06/09/92
0 mg/l 06/09/92
0 mg/l 06/09/92
131 mg/l 06/09/92
0.26 mg/l 06/12/92
54 mg/l 06/26/92
48 mg/l 05/29/92
i t mg/l 06/04/92
<0.005 mg/l 06/04/92
mg/l 06/04/92
357 umhos/cm 06/04/92
8.22 S.U.
214 mg/l 05/28/92
4 mg/l 05/28/92
<0.05 mg/l 06/19/92
<0.005 mg/l 05/28/92
<0.005 mg/l 06/19/92
<0.05 mg/l 06/19/92
<0.02 mg/l 06/19/92
<0.05 mg/l 06/19/92
<0.02 mg/l 06/19/92
<0.02 mg/l 06/19/92
<0.0002 mg/l 05/29/92
<0.05 mg/l 06/19/92
0.02 mg/l 06/19/92
<0.02 mg/l 06/22/92
<0.02 mg/l 06/19/92
0.13 mg/l 05/22/92
0.04 mg/l 06/10/92
i  . /l.
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Client Name: 
Project No: 
Project Name: 
Collected By: 
Sample Type: 
Sample Name:
Coeur Explorations, Inc.
92-920
Lewistown, MT 
Peter A. Mitchell 
domestic well water 
001 Chuck Clark's Ranch
Lab No: 128119
Sample Date: 05/20/92
Time Sampled: 1100
Parameter
Anions:
Measured
Value
Date
Analyzed
Alkalinity Bicarbonate as HCO3 246 mg/l 06/09/92
Alkalinity Carbonate as CO3 0 mg/l 06/09/92
Alkalinity Hydroxide as OH 0 mg/l 06/09/92
Alkalinity Total as CaC03 202 mg/l 06/09/92
Fluoride as F 0.30 mg/l 06/12/92
Sulfate as SO4 32 mg/l 06/26/92
Cations.
Calcium as Ca 64 mg/l 05/29/92
Inoroanics:
Cyanide as CN (free) mg/l 06/04/92
Cyanide as CN (total) <0.005 mg/l 06/04/92
Cyanide as CN (weak acid dissociable) * mg/l 06/04/92
Electrical Conductivity 433 umhos/cm 06/04/92
pH 7.59 S.U.
Total Dissolved Solids 246 mg/l 05/28/92
Total Suspended Solids <4 mg/l 05/28/92
Metals:
Antimony as Sb (total) <0.05 mg/l 06/19/92
Arsenic as As (total) <0.005 mg/l 05/28/92
Cadmium as Cd (total) <0.005 m ^ 06/19/92
Cobalt as Co (total) <0.05 mg/l 06/19/92
Copper as Cu (total) <0.02 mg/l 06/19/92
Iron as Fe (total) <0.05 mg/l 06/19/92
Lead as Pb (total) <0.02 mg/l 06/19/92
Manganese as Mn (total) <0.02 mg/l 06/19/92
Mercury as Hg (total) 0.0004 mg/l 05/29/92
Molybdenum as Mo (total) <0.05 mg/l 06/19/92
Silver as Ag (total) 0.02 mg/l 06/19/92
Titanium as Ti (total) <0.02 mg/l 06/22/92
Zinc as Zn (total) 0.14 mg/l 06/19/92
Nutrients:
Nitrate + Nitrite as N 0-85 mg/l 05/22/92
Phosphorus Total 0.05 mg/l 06/10/92
Analysis not required if the Total Cyanide is <0.005 mg/l.
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Client Name: 
Project No: 
Project Name: 
Collected By: 
Sample Type: 
Sample Name:
Coeur Explorations, Inc.
92-920
Lewistown, MT 
Peter A. Mitchell 
surface water 
PC 1 Pratt Canyon
Lab No: 128120
Sample Date: 05/20/92
Time Sampled: 0930
Parameter
Anions:
Measured
Value
Date
Analyzed
Alkalinity Bicarbonate as HCO3 93 mg/l 06/09/92
Alkalinity Carbonate as CO3 0 mg/l 06/09/92
Alkalinity Hydroxide as OH 0 mg/l 06/09/92
Alkalinity Total as CaC03 79 mg/l 06/09/92
Fluoride as F 0.19 mg/l 06/12/92
Sulfate as SO4 40 mg/l 06/26/92
Cations:
Calcium as Ca 38 mg/l 05/29/92
Inoroanics:
Cyanide as CN (free) mg/l 06/04/92
Cyanide as CN (total) <0.005 m ^ 06/04/92
Cyanide as CN (weak acid dissociable) mg/l 06/04/92
Electrical Conductivity 239 umhos/cm 06/04/92
pH 7.65 S.U.
Total Dissolved Solids 146 mg/l 05/28/92
Total Suspended Solids <4 mg/l 05/28/92
Metals:
Antimony as Sb (total) <0.05 mg/l 06/19/92
Arsenic as As (total) <0.005 mg/l 05/28/92
Cadmium as Cd (total) <0.005 mg/l 06/19/92
Cobalt as Co (total) <0.05 mg/l 06/19/92
Copper as Cu (total) <0.02 mg/l 06/19/92
Iron as Fe (total) <0.05 mg/l 06/19/92
Lead as Pb (total) <0.02 mg/l 06/19/92
Manganese as Mn (total) <0.02 mg/l 06/19/92
Mercury as Hg (total) <0.0002 mg/l 05/29/92
Molybdenum as Mo (total) <0.05 mg/l 06/19/92
Silver as Ag (total) 0.02 mg/l 06/19/92
Titanium as Ti (total) <0.02 mg/l 06/22/92
Zinc as Zn (total) <0.02 mg/l 06/19/92
Nutrients:
Nitrate + Nitrite as N 0.06 mg/l 05/22/92
Phosphorus Total <0.02 mg/l 06/10/92
Analysis not required if the Total Cyanide is <0.005 mg/l.
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Client Name: 
Project No: 
Project Name: 
Collected By: 
Sample Type: 
Sample Name:
Coeur Explorations. Inc. 
93-914
West Butte, MT 
Peter A. Mitchell 
surface water 
MG 1 McDonald Creek
Lab No: 141644
Sample Date: 06/08/93
Time Sampled: 1138
Parameter
Anions:
Measured
Value
Date
Analyzed
Alkalinity Bicarbonate as HCO3 192 mg/l 06/14/93
Alkalinity Carbonate as CO3 0 m ^ 06/14/93
Alkalinity Total as CaC03 157 mg/l 06/14/93
Fluoride as F 0.22 mg/l 06/15/93
Sulfate as SO4 23 mg/l 06/15/93
Inoraanics:
Cyanide as CN (total) <0.005 mg/l 06/18/93
Electrical Conductivity 341 umhos/cm 06/21/93
pH 7.8 S.U. 06/09/93
Total Dissolved Solids 212 mg/l 06/15/93
Total Suspended Solids 25 mg/l 06/12/93
Metals:
Antimony as Sb (total) <0.05 mg/l 06/16/93
Arsenic as As (total) <0.005 mg/l 06/18/93
Cadmium as Cd (total) <0.005 mg/l 06/16/93
Copper as Cu (total) <0.02 mg/l 06/16/93
Iron as Fe (total) 0.61 mg/l 06/16/93
Lead as Pb (total) <0.05 mg/l 06/16/93
Manganese as Mn (total) <0.05 mg/l 06/16/93
Mercury as Hg (total) <0.0005 mg/l 06/15/93
Molybdenum as Mo (total) <0.05 mg/l 06/16/93
Silver as Ag (total) <0.02 mg/l 06/21/93
Zinc as Zn (total) 0.02 mg/l 06/16/93
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Client Name: 
Project No: 
Project Name: 
Collected By: 
Sample Type: 
SampleName:
Coeur Explorations, Inc. 
93-914
West Butte, MT 
Peter A. Mitchell 
surface water
FAG 2 Fred and George Creek
Lab No: 141645
Sample Date: 06/08/93
Time Sampled: 1240
Parameter Measured Date
Value Analyzed
Anions:
Alkalinity Bicarbonate as HCO3 80 mg/l 06/14/93
Alkalinity Carbonate as CO3 0 mg/l 06/14/93
Alkalinity Total as CaC03 66 mg/l 06/14/93
Fluoride as F 0.16 mg/l 06/15/93
Sulfate as SO4 33 mg/l 06/15/93
Inoraanics:
Cyanide as CN (total) <0.005 mg/l 06/18/93
Electrical Conductivity 209 umhos/cm 06/21/93
pH 7.8 S.U. 06/09/93
Total Dissolved Solids 137 mg/l 06/15/93
Total Suspended Solids 5 mg/l 06/12/93
Metals:
Antimony as Sb (total) 
Arsenic as As (total) 
Cadmium as Cd (total) 
Copper as Cu (total)
Iron as Fe (total)
Lead as Pb (total) 
Manganese as Mn (total) 
Mercury as Hg (total) 
Molybdenum as Mo (total) 
Silver as Ag (total)
Zinc as Zn (total)
<0.05
<0.005
<0.005
< 0.02
0.06
<0.05
< 0.02
<0.0005
<0.05
< 0.02
< 0.02
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
06/16/93
06/18/93
06/16/93
06/16/93
06/16/93
06/16/93
06/16/93
06/15/93
06/16/93
06/21/93
06/16/93
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Client Name: 
Project No: 
Project Name: 
Collected By: 
Sample Type: 
Sample Name:
Coeur Explorations, Inc. 
93-914
West Butte. MT 
Peter A. Mitchell 
surface water 
PC 2 Pratt Canyon
Lab No: 141646
Sample Date: 06/08/93
Time Sampled: 1345
Parameter
Anions:
Measured
Value
Date
Analyzed
Alkalinity Bicaitxonate as HCO3 73 mg/l 06/14/93
Alkalinity Carbonate as CO3 0 mg/l 06/14/93
Alkalinity Total as CaC03 60 mg/l 06/14/93
Fluoride as F 0.16 mg/l 06/15/93
Sulfate as SO4 26 mg/l 06/15/93
Inoraanics:
Cyanide as CN (total) <0.005 mg/l 06/18/93
Electrical Conductivity 179 umhos/cm 06/21/93
pH 7.5 S.U. 06/09/93
Total Dissolved Solids 120 mg/l 06/15/93
Total Suspended Solids <5 mg/l 06/12/93
Metals:
Antimony as Sb (total) <0.05 mg/l 06/16/93
Arsenic as As (total) <0.005 mg/l 06/18/93
Cadmium as Cd (total) <0-005 mg/l 06/16/93
Copper as Cu (total) <0.02 mg/l 06/16/93
Iron as Fe (total) <0.05 mg/l 06/16/93
Lead as Pb (total) <0.05 mg/l 06/16/93
Manganese as Mn (total) <0.02 mg/l 06/16/93
Mercury as Hg (total) <0.0005 mg/l 06/15/93
Molybdenum as Mo (total) <0.05 mg/l 06/16/93
Silver as Ag (total) <0.02 mg/l 06/21/93
Zinc as Zn (total) 0.03 mg/l 06/16/93
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Client Name: 
Project No: 
Project Name: 
Collected By: 
Sample Type: 
Sample Name:
Coeur Explorations, Inc. Lab No: 141647
93-914 Sample Date: 06/08/93
West Butte, MT Time Sampled: 1417
Peter A. Mitchell 
domestic well water
WB 2 (same location as CO 1, Chuck Clark's Ranch)
Parameter
Anions:
Measured
Value
Date
Analyzed
Alkalinity Bicartx)nate as HCO3 243 mg/l 06/14/93
Alkalinity Carbonate as CO3 0 mg/l 06/14/93
Alkalinity Total as CaC03 199 mg/l 06/14/93
Fluoride as F 0.36 mg/l 06/15/93
Sulfate as SO4 27 mg/l 06/15/93
Inoraanics:
Cyanide as CN (total) <0.005 mg/l 06/18/93
Electrical Conductivity 418 umhos/cm 06/21/93
pH 7.3 S.U. 06/09/93
Total Dissolved Solids 241 mg/l 06/15/93
Total Suspended Solids <5 mg/l 06/12/93
Metals:
Antimony as Sb (total) <0.05 mg/l 06/16/93
Arsenic as As (tot^) <0.005 mg/l 06/18/93
Cadmium as Cd (total) <0.005 mg/l 06/16/93
Copper as Cu (total) <0.02 mg/l 06/16/93
Iron as Fe (total) <0.05 mg/l 06/16/93
Lead as Pb (total) <0.05 mg/l 06/16/93
Manganese as Mn (total) <0.02 mg/l 06/16/93
Mercury as Hg (total) <0.0005 mg/l 06/15/93
Molybdenum as Mo (total) <0.05 mg/l 06/16/93
Silver as Ag (total) <0.02 mg/l 06/21/93
Zinc as Zn (total) 0.04 mg/l 06/16/93
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Client Name: 
Project No: 
Project Name: 
Collected By: 
Sample Type: 
Sample Name:
Coeur Explorations, Inc.
93-914
West Butte, MT 
Peter A. Mitchell 
domestic well water 
JO 1 Jay Clark's Ranch
Lab No: 141648
Sample Date: 06/08/93
Time Sampled: 1454
Parameter
Anions:
Measured
Value
Date
Analyzed
Alkalinity Bicarbonate as HCO3 96 mg/l 06/14/93
Alkalinity Carbonate as CO3 0 mg/l 06/14/93
Alkalinity Total as CaC03 79 mg/l 06/14/93
Fluoride as F 0.21 mg/l 06/15/93
Sulfate as SO4 31 mg/l 06/15/93
Inoraanics:
Cyanide as CN (total) <0.005 mg/l 06/18/93
Electrical Conductivity 236 umhos/cm 06/21/93
pH 6.9 S.U. 06/09/93
Total Dissolved Solids 138 mg/l 06/15/93
Total Suspended Solids <5 mg/l 06/12/93
Metals:
Arsenic as As (total) <0.005 mg/l 06/18/93
Cadmium as Cd (total) <0.005 mg/l 06/16/93
Copper as Cu (total) <0.02 mg/l 06/16/93
Iron as Fe (total) <0.05 mg/l 06/16/93
Lead as Pb (total) <0.05 mg/l 06/16/93
Manganese as Mn (total) <0.02 mg/l 06/16/93
Mercury as Hg (total) <0.0005 mg/l 06/15/93
Molybdenum as Mo (total) <0.05 mg/l 06/16/93
Silver as Ag (total) <0.02 mg/l 06/21/93
Zinc as Zn (total) 0.02 mg/l 06/16/93
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Client Name: 
Project No: 
Project Name: 
Collected By: 
Sample Type: 
Sample Name:
Coeur Explorations,
93-914
West Butte, MT 
Peter A. Mitchell 
surface water 
DC 2 Deer Creek
Inc. Lab No: 141649
Sample Date: 06/08/93
Time Sampled: 1540
Parameter
Antons:
Measured
Value
Date
Analyzed
Alkalinity Bicart)onate as HCO3 100 mg/l 06/14/93
Alkalinity Carbonate as CO3 0 mg/l 06/14/93
Alkalinity Total as CaC03 82 mg/l 06/14/93
Fluoride as F 0.28 mg/l 06/15/93
Sulfate as SO4 31 mg/l 06/15/93
inoraanics:
Cyanide as CN (total) <0.005 mg/l 06/18/93
Electrical Conductivity 231 umhos/cm 06/21/93
pH 7.9 S.U. 06/09/93
Total Dissolved Solids 141 mg/l 06/15/93
Total Suspended Solids 10 mg/l 06/12/93
Metals:
Antimony as Sb (total) <0.05 mg/l 06/16/93
Arsenic as As (total) <0.005 mg/l 06/18/93
Cadmium as Cd (total) <0.005 mg/l 06/16/93
Copper as Cu (total) <0.02 mg/l 06/16/93
Iron as Fe (total) 0.32 mg/l 06/16/93
Lead as Pb (total) <0-05 mg/l 06/16/93
Manganese as Mn (total) <0.02 mg/l 06/16/93
Mercury as Hg (total) <0.0005 mg/l 06/15/93
Molybdenum as Mo (total) <0.05 mg/l 06/16/93
Silver as Ag (total) <0.02 mg/l 06/21/93
Zinc as Zn (total) <0.02 mg/l 06/16/93
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Client Name: 
Project No: 
Project Name: 
Collected By: 
Sample Type: 
Sample Name:
Coeur Explorations, Inc. Lab No: 141650
93-914 Sample Date: 06/08/93
West Butte, MT Time Sampled: 1240
Peter A. Mitchell 
surface water
duplicate of 141645, FAG 2 Fred and George Creek
Parameter
Anions:
Measured
Value
Date
Analyzed
Alkalinity Bicarbonate as HCO3 80 mg/l 06/14/93
Alkalinity Carbonate as CO3 0 mg/l 06/14/93
Alkalinity Total as CaC03 66 mg/l 06/14/93
Fluoride as F 0.17 mg/l 06/15/93
Sulfate as SO4 34 mg/l 06/15/93
Inoraanics:
Cyanide as CN (total) <0.005 mg/l 06/18/93
Electrical Conductivity 209 umhos/cm 06/21/93
pH 7.8 S.U. 06/09/93
Total Dissolved Solids 134 mg/l 06/15/93
Total Suspended Solids 6 mg/l 06/12/93
Metals:
Antimony as Sb (total) <0.05 mg/l 06/16/93
Arsenic as As (total) <0.005 mg/l 06/18/93
Cadmium as Cd (total) <0.005 mg/l 06/16/93
Copper as Cu (total) <0.02 mg/l 06/16/93
Iron as Fe (total) 0.07 mg/l 06/16/93
Lead as Pb (total) <0.05 mg/l 06/16/93
Manganese as Mn (total) <0.02 mg/l 06/16/93
Mercury as Hg (total) <0.0005 mg/l 06/15/93
Mot^denum as Mo (total) <0.05 mg/l 06/16/93
Silver as Ag (total) <0.02 mg/l 06/21/93
Zinc as Zn (total) <0.02 mg/l 06/16/93
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Client Name: 
Project No: 
Project Name: 
Collected By: 
Sample Type: 
Sample Name:
Coeur Explorations, Inc. Lab No: 141651
93-914 Sample Date: 06/08/93
West Butte, MT Time Sampled: 1454
Peter A. Mitchell 
domestic well water
spike 141648 CJ-1 (should be JO 1, Jay Clark's ranch)
Parameter
Anions:
Alkalinity Total as CaCOa 
Fluoride as F 
Sulfate as SO4
Inorganics:
Cyanide as CN (total)
Measured
Value
106
99
94
106
%
%
%
%
Date
Analyzed
06/14/93
06/15/93
06/15/93
06/18/93
Metals:
Antimony as Sb (total) 
Arsenic as As (total) 
Cadmium as Cd (total) 
Copper as Cu (total)
Iron as Fe (total)
Lead as Pb (total) 
Manganese as Mn (total) 
Mercury as Hg (total) 
Molybdenum as Mo (total) 
Silver 
Zinc
110
105
97 
88
102
82
98 
92 
92 
98 
95
%
%
%
%
%
%
%
%
%
%
%
06/16/93
06/18/93
06/16/93
06/16/93
06/16/93
06/16/93
06/16/93
06/15/93
06/16/93
06/21/93
06/16/93
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Appendix E Correalatlon chart and summary statisics derived
from all rock chip samples of the 9000 series.
Elemental Correlation Chart -.....- .......... ............... -....T
Au ...Ag.... Te Cu Mo Pb Zn As Sb _ Hg..... F Ba
Au 1.00
Ag 0.15 1.00
Te 0.85 -0.1 2 1.00 1
Cu 0.15 0.02 0.33 1.00 1
Mo 0.17 0.28 0.10 0.07 1.00
Pb 0.34 0.11 6.52 0.48 0.06 1.00
Zn 0.69 6.15 -0 .2 0 0.31 0.07 0.33 1.00 1
As 0.51 0.87 0.56 0.15 0.33 0.27 0.58 1.00 1
Sb -6 .31 -0 .0 3 -6 .4 3 0.18 6.33 0.58 0.22 1.00
Hg -0 .0 9 6.87 -1 .0 0 -0 .01 0.06 0.01 0.03 0.31 6.01 1.00
F -0 .0 8 -0 .41 0.21 -0 .1 3 -0 .1 3 -6 .0 8 -0 .4 0 -0 .1 0 1.00
Ba -0 .1  2 -0 .0 9 0.48 0.00 -0 .0 3 -0 .0 6 -0 .31 -1 .0 0 6.86 0.26 1.00
Summary Statistics
....... f 11 Au 1 Ag te Cu Mo Pb Zn As Sb Hg F Ba
Mean 57.73 0.81 553 29.01 6.88 37.24 139 20.16 2.40 0.03 584 333
Med 1 1 3  0.20 90 17 4 17.50 62 13.50 3 0.02 450 199
Mode I 4 6.10 7 3 6 58 4 3 0.01 420 266
Std Devj 115 1 2.05 1096 36.62 10.93 73.74 269 28.18 1.81 0.06 467 380
Range 650 14.10 3000 206 65 498 2066 16 3 4.99 0.35 1970 1765
M in  I 1 6.10 0.30 3 1 2 4 1 0.01 0.01 130 71
Max I 6 5 1 1 1 4 .2 0 3000 209 66 500 2070 164 5 0.36 2100 1836
Count I 45 1 51 7 69 64 70 71 38 8 53 36 37
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Correalatlon chart and summary statistics derived from fresh rock
chips of the 9000 series.
Elemental Corre a tion Chart
Au Cu Mo Pb Zn Hg F Ba
Au 1.00
Ag 0.46 1.00
Cu 0.27 -0 .0 4 1.00
Mo 0.07 -0 .2 2 0.50 1.00
Pb 0.96 0.44 0.39 0.12 1.00
Zn 0.33 -0 .0 2 0.86 0.18 0.47 1.00
Hg -0 .4 9 -0 .6 5 -0 .2 5 -0 .2 5 -0 .1 9 -0 .1 9 1.00
F -0 .5 0 -0 .6 9 -0 .3 2 -0 .0 8 -0 .2 7 -0 .2 6 0.67 1.00
Ba 0.35 -0 .4 3 0.20 -6 .1 8 0.22 0.32 -0 .6 6 -0 .4 4 1.00
Summary S ta tis ttics
Au Ag Cu Mo Pb Zn Hg F Ba
Mean 22 0.77 35 4 45 130 16 691 199
Med 6.5 0.2 16 3 19 65 16 500 205
Mode 2 0.2 6 3 5 58 12 #N /A #N /A
Std Dev 38 1 50 3 112 146 7 577 85
Range 133 2.6 205 12 497 542 28 1920 239
M in 2 0.2 4 1 3 18 12 i 180 71
Max 135 2.8 209 13 : 500 560 40 1 2166 310
Count 12 7 19 18 19 19 15 1 10 10
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Correalatlon chart and summary statistics derived from weathered
rock chips from the 9000 series.
Elemental Correlation Chart 1 j
1 1 1
Au Ag I Cu Mo Pb Zn As Hg 1 F Ba
Au 1.00 1
Aa -0 .02 1.00
Cu 0.55 -0 .1 4  1.00
Mo 0.18 0.11 0.34 1.00 1
Pb 0.88 0.08 0.50 0.37 1.00
Zn 0.86 -0 .1 9  0.57 0.02 0.73 1.00
As 0.13 -6 .0 9  j 6.10 0.48 0.14 0.42 1.00
Hg -0 .08 6.35 -6 .1 7 -0 .09 -0 .1 0 -0 .0 6 -0 .0 8 1.00 1
F -0 .05 -0 .3 0  0.08 -0 .0 8 0.01 -0 .03 -0 .4 7 -0 .29 1.00
Ba -0 .05 -6.1 7 -0.1 9 0.07 -0 .0 9 -0 .03 0.37 0.89 -0.21 1.00
Summary Statistics j
1 1
Au 1 Ao Cu Mo Pb Zn As Hq F Ba
Mean 68 0.93 20 9 25 147 18 32 477 239
Med 19 0.55 16 3.5 13 54 14 16 420 190
Mode 4 0.2 7 3 13 56 14 16 500 260
Std Dev 141 0.95 16 1 5 31 367 13 66 372 225
Range 648 l 2  62 65 155 2066 50 350 1897 1088
M t n 3 0.2 1 3 1 2 4 2 10 3 75
Max 651 3.4 65 66 157 2070 52 360 1900 1163
Count 22 [ 16 1 33 32 33 33 17 29 23 23
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9 00 0  series rock chip data
ROCK CHIP CHEMICAL ANALYSIS DATA, 9C100 Series
Sample (ppb) (ppm) (ppm) (ppb) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
Number Au Ag Te Cu Mo Pb Zn As Sb Hg Bi V F Ba
9403 3 <0.2 <20 7 5 62 177 4 <1 — »»
9404 4 0.3 <20 19 6 26 67 12 <1 —— m m
9405 6 0.2 <20 1 15 4 28 135 4 <1 - - • — . .
9406 94 6.2 530 21 4 17 165 24 <1 — -  » » . » .
9407 25 0.5 250 79 5 21 58 23 <1 • - —— • • m .
9408 190 1.3 3000 51 6 44 28 25 <1 - - — - - »»
9409 no <0.2 90 11 4 10 44 9 <1 . . ■- . .
9410 24 0.2 <2000 21 3 20 190 <2 <1 0.012 — 350 310
9411 54 0.9 <2000 35 3 7 39 <2 <1 0.012 — —— 420 230
9412 <2 0.1 <2000 8 4 8 86 <2 <1 0.012 » —— 500 290
9413 <2 <0.1 <2000 34 4 12 49 <2 <1 0.012 —— —■» 480 290
9414 <2 <0.1 <2000 7 4 1r 6 36 <2 <1 0.012 m<m » . 430 260
9415 3 1.2 ^<2000 10 4 24 56 14 <1 0.028 - - » . 130 160
9416 30 2.8 <2o66j 35 3 74 117 <2 <1 0.012 »» 180 130
9417 99 0.3 <2000 28 3 33 42 18 <1 0.016 » . 380 190
9418 135 1.5 ^<2000J 108 5 500. 383 59 <1 0.012 —— »» 260 260
9419 58 0.5 <2000 16 10 40 16 2 <1 0.016 »» 1020 320
9420 219 1.7 <2000 14 66 71 4 29 <1 0.012 —— » . 300 260
9421 151 0.6 <2000 65 48 72 220 14 <1 0.012 .» 600 2209422 <2 <0.1 <2000 16 3 6 57 <2 <1 0.016 .» 420 230
9423 651 0.6 <2000 62 3 157 2070 <2 <1 0.016 mm 480 1209424 2 0.1 <2000 9 3 3 58 <2 <1 0.016 —— . . 560 1809425 5 0.2 <2000 29 2 19 73 <2 <1 0.016 1200 2769426 4 <0.1 <2000 17 2 7 43 <2 <1 0.012 • • 1900 1969427 <2 <0.1 <2000 6 2 31 106 <2 <1 0.02 2100 71
9428 5 0.1 <2000 12 2 6 58 <2 <1 0.02 520 1249429 <2 <0.1 <2000 7 1 3 66 <2 <1 0.016 » . 500 199 
75 " 
Î 50
9430 7 0.3 <2000 3 7 13 33 30 <1 0.016 280
9431 5 0.1  ̂<2000 27 5 2 54 9 <1 0.016 280
9432 4 0.1 <2000 26 9 2 82 6 <1 0.04 — -- 560 157
cn
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Appendix F Correalatlon chart and summary statistics derived
from soil samples of the 10,000 series.
Elemental Correlation Chart ...............1 ............................
. .........L _____ __. _...... ...
Au Cu Mo Pb Zn ! Ag As Hg
Au 1.00 1
Cu 0.24 1.00
Mo -0 .12 -0 .3 2 1.00
Pb 6.11 0.16 0.31 1.00
Zn 0.41 0.22 -0 .0 5 0.20 1.00
Ag 0.30 0.68 0.02 0.37 0.13 1.00
As 0.33 0.22 -0 .0 5 0.18 0.50 -0 .2 0 1.00
Hg 0.32 -6 .6 l -0 .8 7 -0.31 6.66 6.90 -6 .2 7 1.00
Summary S ta tis tics
j
Au Cu Mo Pb Zn Ag As Hg
Mean 0.05 1 22.55 2.94 35.75 88.90 0.74 8.26 0.02
Med 6.01 21 3 28.50 87 0.55 8 0.01
Mode 6.01 1 17 2 26 46 0.30 1 0.01
Std Dev 0.21 1 7.55 1.58 19.29 35.62 0.59 5.46 0.01
Range 2.76 33 10 99 166 2.70 27 0.02
M in 6.66 1 11 1 9 28 0.20 1 0.01
Max 2.77 1 44 11 108 194 2.90 28 0.03
Count 181 1 44 47 44 92 34 85 1 1
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Appendix G Acquired Rock Chip Geochemical Data
KEY:
1. Sample Number- Many of the values were taken from maps where a 
sample number was not used, only a point and a corresponding chemical 
concentration. When a sample was reported, it is recorded in this column.
2. Coordinates (local) - These numbers are an artifact of the digitizing 
process. They precisely locate a specific point on the base map. Plate 1. On the 
base map there are four points, labeled Pt.1, Pt.2, Pt.3, Pt.4. These four points 
have the following coordinates:
Pt. 1 =49,150 easting 
Pt. 2 = 49,450 easting 
Pt. 3 = 76,950 easting 
Pt. 4 = 75,100 easting
54,550 northing
81.250 northing
81.250 northing 
54,400 northing
Any point represented as a coordinate number can be relocated using the four 
control points as references.
3. Plot Number - The plot number is an arbitrary sequencing number with 
a prefix that specifies the company that collected the data and the type of 
sample.
orefix comoanv samole tvoe
ER Elam rock chip sample
ES Elam soil sample
UR Utah International rock chip sample
US Utah International soil sample
LR Lehmann and Asso. rock chip sample
LS Lehmann and Asso. soil sample
LSS Lehmann and Asso. stream sediment sample
OR Coeur Exploration rock chip sample
OS Coeur Exploration soil sample
CSS Coeur Exploration stream sediment sample
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Correalatlon chart and summary statistics derived from 368 rock
chip analyses.
E le m e n t a l  c o r r e a la t lo n  C h a r t * [
!
A u A s t a C u " W " ...F I ... Z n A a S b Hg N I B l.... V F Ba
A u ..... !
A g 0.08 1.00 1
T # O i l 6.70 1,00 1
C u 0.19 0.56 0.17 1.00 1
Mo 0.08 0.31 0.27 0.35 1 00 1
P b 0 o6 0.63 0 16 Ô.S7 0.42 I.b o
....-in''"'"” .....e n ...... n r s r ..ü":se.. 6.41 1 T ÏÏ5 ” “ÎCSS"* 1.06
As 0.62 0.37 0.29 0.42 0.28 0.38 0.36 1.00 "
S b 0.04 6.58 0.21 0.65 0.36 0.87 0.16 0.43 1.00
Hg -0,03 -0.07 -0.10 o.6§ 1 -0.01 ^ .0 4 0.04 0.16 6.15 1.00
Ni 0.75
................. .
0 8 8 -0.80 -0.24 0.71 1.00 1.00
.......s r n rs s T a"Te" r f f 'T T “ IT32“ “ ir.'ts""' "■0:58” m a ” D.^07 "T O O
V t . 60 "■■i'.w - T W -1.00 ■'-1:00" ■'TOO...
F -0.07 -6.38 0.23 -0.12 -0.12 -0.08 -0.34 -0.22 1.00 1.00
Ba -0.04 -6 6 i 0.07 6.01 0.06 ^ .0 5 -6 o r -0.09 -0.05 0 .19 -0.12 i  66 0.25 1.00
‘ Blanks in the chart are due to  lack o f data, raaultfng in an undaftnad r  numbar.
S u m m a r y  S t a t is t  le a  |
1 1
1 1
A u  1 A a  1 t a C u Mo P b Z n A a S b Hg Ni Bl V F Ba
M oan 110 1 1  1 686 46 6 265 131 25 3 22 4 3 87 582 155
M ad Î4  f 0 100 17 3 18 58 12 2 10 5 2 87 440 109
M od s 1 j 0 î  ïô o 10 i 13 56 2 2 5 #N/A 2 #N/A 420 84
SST’DSv"" î 4 1 iffô Ï 5 “"ÏFgS” 269 ■47‘ "‘ 3 5 88 482 ■ " T S 'f"
H an g s T T74 ""120" " s o tïtr 2697 277 ■ 9 T “ “ 3 5 r - 6 ■■■35” " T 2 2 ” ■■"20S7" 1833
Win i  t  ï  1 t T™" '"'T"""’ 5 4
— y— —  ̂ ....—
1 ■2— " ■ 2 5 ” ......T " ~ ‘
y -
Max 13272 î  35 114566 1175 121 20443 2101 278 32 360 7 37 148 2100 1836
C o u n t 308 1 182 i 279 204 199 205 205 Î7 2 140 188 3 133 2 1 35 168
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Ail complied rock chip assays
West Butte, Sweet Gra ss Hl Is, Montana
- -
r  -- 1
- - - - - - - - - - - - - - - -
Coordinates, (local) Plot (ppb) (ppm) (ppb) (values In ppm unless otherwise stated)
SAMPLE EASTING NORTHING Number Au Ag Te Cu Mo Pb Zn As Sb Hq N I Bl V F Ba
- * - - - -------- --------- -------- -------- -  —  - - -  -  - - --------- --------- -------- -------- - _ ----- —----- w — - —
W B  8 9 '  1 E 2 Ü 6 3 5 2 9  8 8 6 6 4 8 3 . 0 6 L R I 7 0 . 1 3 0 0 1 6 1 6 78 5 2 1 0 2 0 0 8 4
WB 89 -2 L I S 6 3 5 1 2  8 2 6 6 7 6 2  8 7 L R 2 3 0  1 1 0 0 4 1 1 3 6 4 2 2 1 0 2 0 0 126
W B  8 9  - 3 E l u 6 3 8 9 4  7 1 6 6 6 7 2  4 9 L R 3 9 6 2  2 2600 1 4 1 0 3 2 5 9 1 7 2 5 2 0 0 1 3 5
W B  8 9 ' 4 E l u 6 4 0 8 9  1 0 6 5 0 0 0  9 2 L R 4 243 1 . 1 1 4 0 0 a 2 3 28 9 2 5 2 0 0 9 3
W B  8 9 - 5 E S 6 4 4 8 6  0 4 6 5 0 3 6  2 4 L R 5 5 0  1 1 0 0 1 0 2 3 8 202 1 0 2 1 0 2 0 0 9 8
W B  8 9 - 6 E  1 0 6 4 8 1 0  0 8 6 4 9 2 1  0 1 L R 6 8 0 1 I C O 1 4 1 1 7 5 8 2 2 2 0 2 0 0 9 8
W B  8 9 - 7 E  1 5 6 4 7 9 8 . 5 3 65233 69 LR7 6 0  1 1 0 0 3 2 g 4 4 2 2 2 0 3 0 0 6 0
W B  8 9 - 8 E 2 0 6 4 7 9 6  2 8 65520 87 L P 8 5 G  1 1 0 0 3 1 1 1 4 6 2 2 1 0 2 0 0 1 4 1
W B  8 9 - 9 W 6 4 4 5 6  2 3 6 6 2 1 7 . 0 2 LR9 î 5 6 0 . 7 1 0 0 0 9 3 1 7 39 1 8 2 1 0 3 0 0 93
W B  8 9 - 1 0 E l ü 6 4 4 2 2  2 4 66353 6 6 L R I O 5 0 . 4 900 1 0 4 2 4 5 5 1 2 2 2 0 2 0 0 9 3
W B  8 9 - 1  1 E  1 0 6 4 9 4 2  3 7 6 6 9 4 3 , 5 6 L R I  t 83 1 . 6 1 0 0 184 1 2 4 9 276 1 6 2 1 0 2 0 0 1 1 3
W B  8 9 - 1 2 E  1 0 6 4 8 8 3  7 0 6 6 5 3 9  6 0 L R I 2 7 Ü t I C O 2 5 3 1 0 29 1 9 2 2 0 2 0 0 1 0 3
W B  8 9 - 1  î E 5 6 4 7 0 7  1 8 66313.82 L R I 3 1 2 0 , 6 9 0 0 1 0 4 4 6 29 2 6 2 ^ 1 0 2 0 0 41
W B  8 9  - 1 4 E l O 6 4 1 6 2  2 6 6 6 0 3 1 . 0 8 L R I 4 62 2  0 2 1 0 0 3 1 1 5 6 1 5 5 8 4 2 1 0 2 0 0 6 2
W B  8 9 - 1 5 E l O 6 3 0 7 5  2 0 6 7 3  i  9 . 2 0  1 L R I 5 6 0  t I C O 2 0 1 3 2 1 6 3 2 2 2 0 2 0 0 4 5
W B  6 9 - 1 6 E l ü 62888 50 6779 7 30 L R I 6 6 0  7 8 0 0 3 1 8 3 3 5 2 5 2 0 0 1 7 3
W B  8 9  -  t  7 E  1 0 6 3 5 6 8  3 7 68168 28 L R I 7 1 7 1 4 t e ô ô 1 2 2 6 3 2 9 2 3 2 5 2 0 0 1 3 2
W B  8 9 -1  e E  1 0 6 3 5 0 4  9 9 6 8 2 8 6  2 5 L R I 8 1 0 0  1 1 0 0 6 1 1 5 7 2 2 2 1 0 2 0 0 9 8
W B  8 9 -  19 E l ü 6 3 6 7 1  7 4 6 8 9 1 5  5 6 L R Ï 9 2 3 0  3 1 0 0 0 3 1 4 8 5 6 1 2 2 5 2 0 0 257
W B  3 9 - 2 0 P b 6 3 4 6 9  3 1 6 8 8 50 1 6 L P 2 0 4 8 0 3 1100 9 5 1 1 4 5 1 1 1 2 1 0 2 0 0 3 6
W B  3 9 - 2 1 P b 6 3 5 7 4  0 9 68788 31 LR2I 2 7 0  3 700 1 0 2 1 4 1 7 8 1 2 5 2 0 0 5 9
WB 89-22 E l O 63862.49 68792 91 L R 2 2 1 4 0 3 900 1 3 4 1 6 9 1 3 0 r  3 2 1 0 2 0 0 221
WB 8 9 - 2 3 E l ü 6 4 1 5 4  1 6 68722 18 L R 2 3 2 2 0 5 2 9 0 0 29 1 2 1 2 0 3 2 1 9 4 2 5 2 5 2 0 0 244
W B  8 9 - 2 4 P b 6 3 8 4 2  2 3 68672 2 5 L R 2 4 1 4 0 4 4 0 0 4 7 3 4 1 4 0 4 6 2 2 0 2 0 0 1 0 5
W B  8 9 - 2 5 P b 6 3 8 6 0  5 3 67615 36 L R 2 5 1 1 5 0  7 1 0 0 5 5 1 3 2 1 3 5 5 134 2 4 0 0 0 1 1 9
W B  8 9 - 2 6 E l ü 6 4 0 7 1 , 0 3 6 8 4 9 6 , 6 4 L R 2 6 87 8 6 1 4 5 0 0 3 1 2 0 1 0 7 5 5 4 6 2 5 2 0 0 8 4
W B  8 9 - 2 7 P 6 4 3 5 5  0 7 6 8 5 0 3  7 0 L R 2 7 307 0 8 1 4 0 0 7 2 2 6 3 0 137 97 2 5 2 0 0 56
W B  8 9 - 2 8 E 62538 94 70683,99 LR28 9 0 5 1 5 0 0 1 5 7 9 1 2 3 6 2 4 2 5 2 0 0 1 1 9
W B  8 9 - 2 9 E 63885 78 70873.22 L R 2 9 2 4 0 , 5 1 2 0 0 2 8 2 4 1 1 9 0 7 2 5 2 0 0 235
WB 89-30 P b 6 4 2 5 8 9 4 7 0 8 1 5  8 3 L R 3 0 1 2 0  1 1 0 0 6 9 3 8 6 236 5 2 1 0 2 0 0 1 6 7
W B  8 9 - 3 1 E 6 4 1 9 9  0 9 70882 29 L R 3 I 4 2 4 2 8  6 2 9 0 0 1 1 7 5 7 7 2 0 4 4 3 1 1 1 5 1 1 7 2 1 5 3 7 0 0 8 4
W B  8 9 - 3 " E 6 4 1 6 7 1 7 70942 7 8 L R 3 2 139 1 8 5 4 7 0 0 2 1 3 30 1 9 3 8 2 126 182 3 2 5 5 G 0 6 3
W B  6 9 - 3 3 Pi 6 3 9 7 !  5 8 7 0 5 9  0  58 LR33 4 6 4 1 0  2 4 5 0 0 9 3 6 29 152 1 3 3 5 1 1 5 5 1 0 u 0 3 3  7  '
W B  8 9 -  3 4 P b 64202 24 7 0 7 7 4  1 4 LR34 7 5 1 2 1300 3 7 3 48 1 2 5 2 4 2 5 2 '  u 0 9 3
W B  8 9 -  3 5 E 6 4  I I  4 . 1  3 7 0 5 1 0  6 2 LR35 3 8 0 5 7 0 0 1 2 3 1 6 4 4 1  1 2 1 2 5 2 0 0 ■ - T i s ­
W B  8 9 -  3 6 E 63208 0 4 69838 26 L R 3 6 4 3 0 , 6 I C O 2 1 4 68 1 4 9 9 2 5 3 0 0 o n
W B 8 9 - 3 7 E 6 3 3 3 1  5 0 6 9 6 3 5  2 1 L R 3 7 4 3 0  2 900 1 8 6 1 1 1 0 7 25 3 1 0 2 0 0~^ " T é s '
WB 89-38 E 63287 50 6 9 6 9 1  4 5 L R 3 S 30 0 5 9 0 0 9 6 2 4 138 1 4 2 ^  2 0 2 0  ^ n  ' 5 ' 9 -
W B  8 9 - 3 9 E 6 4 9 3 4  6 5 6 9 3 2 5  7 3 L R 3 9 2 0 7 1 2 0 0 1 1 1 3 5 7 4 9 2 1 0 2 0 I j
W B  6 9 - 4 0 E 6 5 4 6 8  3 2 6 9 6 0 4  5 9 L R 4 0 4 1 0 1 6 0 0 1 3 26 6 3 1 0 4 3 0 5 ^  3 ' 0 '  0 ' r,--
W B  8 9 - 4 1 E 6 5 1 9 9  6 5 6 9 5 5 5  2 8 L R 4 I 1 0 0  1 600 1 2 1 2 5 2 6 6 2 1 0 2 ■  ' o ' ü •86 -
o>
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C o o r d i n a t e s ,  ( l o c a l ) p f o t ( p p b ) ( p p m ) ( p p b ) ( v a l u e s  t n  p p m  u n l e s s  o t h e r w i s e  s t a t e d )
S A M P L E E A s r m N O R T H I N G N u m b e r A u A g T e C u M o P b Z n A s S b H q N I B l V F B a
W B  6 9 - 4 2 h 6 6 5 0 2  0 5 6 8 8 7 6 9 7 L R 4 2 1 4 2 6 2 3700 7 2 3 4 9 65 73 1 0 2 0 0 147
W B  6 9 - 4 3 E 6 6 1 1 3  6 3 6 8 5 3 7  7 4 L R 4 3 1 3 r  2  0 2 6 0 0 3 7 3 1 3 36 8 2 1 0 2 0 0 1 7 5
W B  8 9 - 4 4 E 65843 82 6 8 5 9 7 . 3 6 L R 4 4 1 6 4 0  3 1 9 0 0 8 3 1 0 24 1 9 2 1 0 2 0 0 7 2
W B  8 9 - 4 5 E 6 5 3 4 2  7 3 68773 76 L R 4 5 5 7 î  7 2 1 0 0 7 4 1 6 1 9 4 1 6 2 5 3 0 0 8 8
W B  8 9 - 4 6 E 6 5 1 4 8  8 0 6 9 0 0 3  7 6 L R 4 6 5 1 5 1 9 0 0 2 7 6 384 2 1 9 7 2 5 2 0 0 79
W B  8 9 - 4 7 E 6 5 0 7 1 , 1 4 5 9 1 8 9  7 8 LP47 8 0 5 9 0 0 1 0 49 1 0 9 99 8 2 5 2 0 D 2 1 4
W B  8 9 - 4 8 E 6 4 0 4 4 0 1 69562 13 L R 4 8 3 0  2 1 0 0 0 1 2 9 2 3 4 8 4 1 2 2 5 2 0 0 3 8 6
W B  8 9 - 4 9 E 6 4 4 4 5  3 4 6 9 4 9 9  9 6 L R 4 9 5 0  t 7 0 0 6 1 1 2 7 4 3 3 8 2 5 2 0 0 634
W B  8 9 - 5 0 E 6 4 6 4 0  2 2 7 0 0 2 9  5 6 I P S O 3 0 , 1 6 0 0 3 7 1 2 2 2 1 t a 2 1 0 2 0 0 2 6 1
W B  8 9 - 5 1 E 66478 05 6 9 7 4 6  2 1 L R 5 1 1 3 0 , 1 7 0 0 1 3 1 5 1 0 3 1 8 2 5 2 0 0 2 8 6
W B  8 9 - 5 2 E 6 6 0 7 9  5 2 70503 88 LR52 4 4 1 4 4 7 0 0 2 1 6 346 4 6 1 103 2 5 3 0 0 6 0
W B  8 9 - 5 3 W I U 6 6 3 2  6  8 1 7 0 5 6 9 , 8 9 L R 5 3 1 3 0 . 6 1 0 0 22 a 33 1 3 1 2 8 2 1 0 2 0 0 8 3
W B  6 9 - 5 4 k S 65861 76 7 0 3 7 9  0 2 LR54 4 2 7 2 0 3 5 0 0 20 7 2 0 0 322 93 2 5 2 0 0 2 8 4
1 0 5 0 0 N J 6 0 0 E E 6 0 6 0 3  5 8 7 1 5 3 1  6 2 LR55 1 0  1 3 0 0 19 1 1 7 1 0 0 2 2 1 0 2 0 0 1 1 6
1 0 5 0 0 N J 4 0 0 E E 60393 01 7 1 5 0 9  9 8 L R 5 6 2 0 , 1 3 0 0 1 2 1 1 0 1 0 6 4 2 5 2 D 0 ! 1 1
9 9 0 0 N 2 9 0 0 E I 59995 2 0 70922 20 L R 5 7 3 0 . 1 1 0 0 2 1 2 8 39 2 2 5 2 0 0 1 9
9 9 0 0 N 2 8 0 0 E U 5 9 8 5 0  4 4 70988 1 8 L R 5 8 3 0 . 1 1 0 0 1 1 1 6 1 4 2 2 5 2 0 0 23
9 9 0 0 N 2 4 0 0 E E 5 9 6 3 3  8 7 7094099 1 R 5 9 3 0 .  ! 1 0 0 2 1 4 4 2 2 2 5 2 0 ô 7 4
9 5 0 0 N 4800E R I O 6 1 8 9 3  1 8 7 0 5 3 9  1 5 L R 6 0 1 5 0  1 100 1 6 2 1 6 3 5 1 3 2 5 2 0 Q 4 4
9 5 0 0 M 4 6 2  S E E 6 1 7 2 6 3 3 7 0 5 2 2  1 3 L R 6 1 3 9 0  1 200 1 7 1 1 0 9 2 3 2 5 2 0 0 1 3 4
9 5 0 0 1 4 2 8 0 0 E E 5 9 8 7 6  6 4 7 0 5 0 0  1 2 L R 6 2 1 0  1 100 4 1 2 3 7 2 4 2 5 2 0 0 544
9 3 5 0 N 4 6 0 0 E E 6 1 6 6 8  7 4 7 0 4 2  1 9 9 LR63 4 0 , 1 300 1 1 1 5 4 5 2 2 5 2 0 D 1 9
9 3 5 0 N 4 4 0 0 E E 6 1 5 3 1  8 9 7 0 4 0 3  3 7 L R 6 4 1 G  1 100 4 1 7 2 2 2 2 5 2 0 0 28
9275N 4 2  O D E E 6 1 3 2 3  1 6 7 0 3 1 8  4 4 LR65 5 0  i 1 0 0 3 1 4 9 4 2 5 2 0 0 9
9 1 O O H 3 0 0 Q E E 6 0 0 1 9  3 1 7 0 1 3 7  3 9 LR66 1 0 . 1 1 0 0 2 1 4 4 7 3 2 5 2 0 0 8 4
9 0 5 0 N 3 3 0 0 E E 6 0 3 6 1  4 2 7 0 0 9 3  6 9 L R 6 7 1 0  1 1 0 0 3 1 1 8 5 6 2 2 1 0 2 0 0 193
8 4 5 0 N 1 1 8 0 0 E E 6 8 9 4 8  6 0 6 9 4 3 5  6 9  J L R 6 B 6 4 0 4 4 0 0 4 1 1 1 6 1 4 29 2 5 2 0 0 1 6 2
8 4 0 0 N 1 2 0 5 0 E E 6 9 2 7 6  7 4 6 9 3 6 7 2 9 LR69 4 0 , 5 4 0 0 3 9 1 1 5 2 3 1 5 2 5 2 0 0 4 2
8 4 0 0 N 1 I 9 5 0 E E 6 9 1 0 9  8 5 69400 7 2 LR70 2 6 0 2 2 0 0 59 r  4 7 1 3 1 6 2 5 3 0 0 1 0 3
8 3 0 0 N 1 1 5 Û 0 E E 6 8 6 3 3  6 6 6 9 5 5 5 , 5 7 LR71 2 4 0 , 1 1 0 0 1 1 1 4 23 3 2 5 2 0 0 3 1
8  3  D O N 1 0 5 0 0 E R I O 6 7 6 3 3  8 4 6 9 5 6 5 5 7 LR72 1 2 0  1 1 0 0 2 ^ 3 8 6 8 9 2 5 3 D 0 7 1
8 2 0 0 N 1 0 6 5 0 E E 6 7 7 9 3  4 8 6 9 4 7 6  5 7 LR73 1 5 7 1 . 4 1 8 0 0 41 2 93 2 6 60 2 5 2 0 0 1 4 9
8 0 5 0 N 4 0 0 0 E E 60897,45 6 9 1 3 6  4 2 LP74 3 0  1 100 2 1 1 8 4 6 2 2 5 2 0 0 6 0
8 0 5 G N I 0 3 0 0 E E 6 7 5 4 2  2 0 6 9 0 4 4  2 3 L R 7 5 2 4 6 1 , 9 1 5 0 0 8 4 2 9 5 3 2 1 0 70 2 1 0 3 0 0 102
8 0 0 0 N 4 6 0 Q E E 6 1 6 9 9  7 0 6 8 9 9 8  4 6 LR76 4 0  1 100 2 1 3 2 8 7 3 2 1 0 2 0 0 3 6 2
7 9 0 0 N 1 1 3 5 0 E E 6 8 4 8 8  6 7 6 8 8 9 7  1 8 LR77 1 9 0 0  1 4 0 0 1 1 2 1 5 5 7 10 2 5 3 I I 0 7 7 . .
7900N l O l O O E E 6 7 3 0 0  3 0 6 8 9 1 1 2 8 L R 7 8 2 5 0  1 1 0 0 9 3 2 3 3 9 1 4 2 5 2 0 ' 0 2 8 4
7 8 7 5 N 9 4 6 0 6 E 6 6 5 5 6  7 5 6 7 7 8 8  6 9 LR79 3 7 0  1 1 0 0 4 0 1 9 6 0 6 2 5 2 0 0 1 0 0
7 5 5 0 N I0550E E 6 7 7 0 4  9 2 6 8 6 8 4  5 0 L R 8 0 1 8 0 8 9 0 1 3 0 0 4 4 1 7 856 922 120 3 5  1 2 5 0 0  '  ' 6  '  '
7 6 0 0 N 1 1 7 0 0 E E 6 8 8 3 7  5 7 6 8 5 8 8  2 5 L R 8 1 3 7 0 3 1 0 0 8 2 4 2 8 3 2 5 2 0  . . . . " " o  ' '  3 Ï ' “
7 6 0 0 N 1 I 4 5 0 E E 6 8 6 0 8  1 6 68592 08 L R 8 2 7 0 4 4 0 0 5 1 3 1 3 7 3 2 z. 2 I" 'o -  1 ' 5 ?  -
7 6 0 Q N I 0 9 0 0 E E 68071 23 6 8 6 5 0  8 3 L R 8 3 1 4 7 8 5  3 6 0 0 4 6 9 5 5 5 0 2101 1 1 6 2 5 2 2 ü 0 '  ■ 1  0  "
7 6 0 0 N 1 0 7 0 0 E 1 67803.95 6 8 6 3 9  5 4 L R 8 4 5 5 3 3 5 1 0 0 2 1 5 5 2 3 3 5 5 5 r _ 2 q 1 3 0 '  0
7 6 0 0 N l O l O O E P 67238 1 4 6 8 5 9 0  1 5 L P 8 5 2 9 1 1 5 900 1 2 2 1 9 9 8 7 6 2 5 2  " ô ' o " G  1
7 6 0 0 1 4 3 9 0 * E 6 1 0 1 7  3 2 6 8 6 1 7  0 2 L R 8 6 1 0 0 , 1 200 1 3 2 4 3 7 6 2 5 2 u u
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Coordinates, (local) Plot (ppb) (ppm) (ppb) (values in ppm unless otherwise stated)
S A M P L E EASTING NORIHING Number Au ^ Ag Te Cu M o Pb Zn A s Sb Hg Ni B l V F 8a
7 6 0 0 N 3 7 0 0 E L 6 0 7 7 5  8 5 6 8 6 8 2  6 5 L R 8 7 1 0 . 2 1 0 0 3 1 1 1 5 9 2 2 5 2 0 0 8 1
7 5 5 0 N 1 0 5 0 0 E L 6 7 6 0 8  6 2 68593.67 L R 8 8 2 4 2 3 . 4 900 2 7 3 273 1 0 1 6 7 2 5 8 0 0 8 8
7 5 0 0 N 4 5 S u E h 6161343 6 6 4 8 9  5 0 LR89 4 Q  1 1 0 0 1 1 4 7 0 5 2 1 0 2 0 0 1 i  7
7 4 0 0 N 3 8 0 0 E L 6 0 9 1 8  5 6 68340.49 L R 9 0 1 0 . 1 I C O 5 1 5 4 7 2 2 5 2 0 0 2 5
7 3 0 0 N 8 7 0 0 E L 65777 29 68278.30 L R 9 1 1 6 1 2 1:00 8 1 5 3 6 9 2 5 2 0 0 1 3 0
7300N 8000E L 6 5 2 0 7  4 0 6 8 2 7 6  2 1 L R 9 2 7 0  1 lod 3 1 5 4 2 6 2 2 5 2 0 0 92
7 2  7 5 N 9  t  O Û N L 6 6 1 6 0  2 3 6 8 2 5 8  4 2 LR93 1 8 1 4 9 0 0 1 1 4 4 2 7 5 7 5 2 0 0 1 9 9
7 2 5 0 N 8 1 6 0 E L 65275 56 6 8 2 0 4 . 0 4 L R 9 4 1 1 0 6 1 3 0 0 1 3 36 4 3 1 8 7 1 5 2 5 2 0 0 1 0 2
7 2 0 0 N 9800E PlU 6 6 9 2 1  5 4 6 8 1 5 4 , 2 7 L R 9 5 1 0 7 0 5 400 1 1 1 4 9 1 4 6 5 2 5 4 0 0 1 1 8
6 9 5 0 N 8 9 5 0 É L 6 6 0 1 2  4 2 6 8 0 7 1  3 7 L R 9 6 2 4 3 5 . 4 1 4 2 0 0 36 7 68 1 1 2 1 8 2 5 8 0 0 1 9 4
6 9 0 0 N 8 6 0 0 E L 6 5 6 5 1  3 5 6 7 8 7 1 , 5 2 L R 9 7 2 5 0  6 1 4 0 0 1 1 2 8 7 4 30 2 5 2 0 0 1 1 6
6 9 0 0 N 4 5 0 0 E P l u 6 ) 5 4 2 9 7 67965 87 L R 9 8 5 0  1 1 0 0 1 5 1 29 1 4 3 2 2 2 0 2 0 0 1 9 0
6 7 7 5 N 8 5 0 Œ L 6564^46 6 7 7 2 1  4 2 L R 9 9 1 7 2  8 3 6 0 0 4 7 3 5 3 1 2 4 7 5 2 5 2 0 0 1 0 4
6 7 7 5 N 8  I O D E h 6 5 5 4 2 9 7 67712.22 L R I O O 7 2 1 . 0 9 0 0 1 0 2 36 3 7 3 8 2 5 2 0 0 1 5 7
6 5 0 0 N 9 3 0 0 E 1- 6 6 4 1 1 2 7 6 7 3 8 7 , 3 8 L R I O I 1 2 9 1 3 1 1 0 0 1 0 3 22 2 8 1 1 2 5 2 0 0 8 5
6 I 7 5 N 9 2 0 0 E L 66285 00 6 7 1 4 2  7 9 LRIO: 8 6 I I 8 0 0 1 2 2 4 1 3 0 1 6 2 5 2 0 0 1 0 0
5 9 0 0 N 9 1  O D E E 66199 8 3 6686697 L R I 0 3 1 3 5  6 3 1 0 0 1 7 4 5 2 3 1 0 5 2 7 2 5 2 0 0 124
5 6 0 0 N 9 0 0 0 E U 66085 2 7 6 6 5 7 2  0 4 L R I 0 4 4 7 1 1 6 0 0 4 7 3 7 1 0 3 1 1 8 7 3 15 2 80 2 0 b 1 4 1
5 5 0 0 N 9 0 Ü 0 E P S 66092 66 6 6 4 1 7  9 0 L R I O S 1 6 0 4 4 0 0 66 1 4 9 0 343 5 4 2 1 0 2 0 0 1 4 0
4 9 0 Q N 6 6 5 U E L 6 5 7 3 :  5 4 6 580: 68 LRI06 3 1 1 2 9 0 0 26 1 1 8 2 2 4 1 5 5 1 0 3 0 0 2 9
4 5 0 0 r L 8 6 5 Ü E L 5 5 6 8 8  2 4 6 5 4 3 1  6 5 L R I Q 7 5 Ô  1 1 0 0 8 1 1 1 4 2 4 2 1 0 2 0 0 1 4 4
4 4 5 & N POOŒ P I O 65051 9 7 65337.73 L R I 0 8 6 0 . 1 100 4 1 1 0 5 9 3 2 5 2 0 0 7 9
4 4 0 0 N 97S0E L 6 6 8 2 0  08 65345 78 L R 1 0 9 5 D  1 1 0 0 1 8 1 9 94 3 2 1 0 2 0 0 189
4 2 0 0 N 8550E L 65590 8 2 6 5 1 6 6 . 8 1 L R ]  1 0 1 1 0  1 1 0 0 5 1 1 3 66 4 2 1 0 2 0 0 2 1 7
4 1  S O N 8000E L 6 5 0 7 1  7 3 6 5 0 7 7  4 1 LRI I I 6 0  1 1 0 0 4 1 1 3 5 1 2 2 5 2 0 0 133
4 0 5 0 N 9 5 0 0 E E 6 6 5 4 0  3 0 6 5 0 3 9  5 5 L R I  1 2 1 2 9 0 . 9 8 0 0 13 4 1 3 2 1 6 2 5 2 0 0 2 7
3 9 0 0 N 9 7 0 0 E E 6 6 7 8 5  2 3 64859.73 LRI 13 5 5 0 . 1 1 0 0 9 3 4 1 1 2 1 3 2 S 2 0 0 5 1
387SLj 9250E E 6 6 2 6 4  5 4 64872 78 LRI 14 2 0 0  1 2 0 0 5 0 2 1 2 4 7 6 2 1 0 2 0 0 106
3 4 0 0 N 9 7 0 0 E E 6 6 8 8 8  7 5 6 4 3 4 3  3 0 LRI 15 2 4 0  1 1 0 0 2 8 1 1 0 1 3 4 2 5 2 0 0 4 6
3 4 0 0 N 9 4 5 0 E E 66591 1 9 6 4 3 6 3  9 0 LRI 16 8 5 ( i l 1 0 0 1 3 8 3 2 1 38 4 2 1 0 2 0 0 1 4 0
3 4 0 0 N I 0 3 0 0 E P l U 6 7 5 2 4  0 0 6 4 3 8 4  8 0 LRI 17 1 0 0 , 1 1 0 0 2 3 5 9 2 0 5 2 5 2 0 0 6 2
3 3 0 0 N 116006 Ü 6 8 6 6 1  7 0 6 4 1 5 0  0 6 L R I  1 6 7 0 2 1 0 0 1 6 2 7 2 2 5 2 5 2 0 0 9 6
3 1 O O M 1 0 I 5 0 E E 67573 59 6 4 1 1 2  5 0 L R l  1 9 1 4 0 . 1 2 0 0 3 1 1 7 1 3 1 5 5 2 0 0 49
3 0 5 0 N l O l O C f P S 6 7 5 1 2  7 9 6 4 0 4 0  0 8 I R I 2 0 1 7 0 . 2 1 0 0 7 9 3 7 1 7 2 0 2 5 2 0 0 4 7
3 0 0 0 M 1 0 6 0 0 E E 6 7 8 7 1  1 3 6395: 3 5 LR I2I 763 0 . 3 4 0 0 7 7 1 6 6 0 1 6 3 1 3 0 3 0 0 4
: ' 7 0 0 N 1 t  t S O E E 6 7 9  1 5  1 3 6 3 6 4 6  2 2 L R I2 : 1 3 2 7 2 2  a 2 7 0 0 2 0 1 1 8 103 227 278 3 5 2 2 0 0 1 1 5
2 7 0 0 N I0650E E 6 3 0 2 4  5 3 6 3 6 7 0  1 8 L R I 2 3 9 9 0 3 3 0 0 9 2 2 6 7 9 1 2 3 120 2 0 0
2 7 0 C N I 0 5 5 0 E E 6 7 9 0 9  6 5 6 3 6 5 6  3 6 LRI24 7 6 0  1 2 0 0 4 7 1 2 49 2 4 2 1 4 0 2 0 0 3
2 6 S 0 N 1 12506 P l U 6 8 3 6 7  8 8 63565 25 LRl 25 8 0 3 100 6 1 2 95 1 1 2 1 0 2 0 0
2 6 5 0 N 1 t  l O O E E 6 8 1  7 5  6 3 6 3 5 6 6 . 6 9 L R I 2 6 6 3 0  2 2 0 0 6 1 2 4 7 1 0 2 5 2 0  J 0
: 6 5 C N 1 1050E E 6 6 1 1 0  1 9 63577 40 LRI27 2 5 0 , 3 200 4 7 1 5 56 2 1 2 1 2 0 3 0 . . . . . . . i T " , '  ' 4
: ' 6 5 0 N 1 l O O O E E 6 8 0 5 9  0 2 6 3 5 7 6  2 8 LR128 4 8 0  2 5 0 0 5 4 1 1 1 5 6 29 1 3 0 3 0 0 7
2 6 0 0 N 1 1 1 O O E E 68298 84 6 3 4 7 2  3 4 LRI 29 5 6 o : 600 48 t Ï2 5 6 2 4 2 9 0 2 " 0 r  0 ^ 3 î
O S Q i j N 1 1 2 0 0 E P I O 6 9 3 3 9  00 63419 53 L R l  3 0 26 0 2 200 6 1 2 5 5 8 !  7 5 " o u i
2400N 1 1 O S O E E 6 8 1 0 9  0 4 6 3 3 7 5  3 5 LRI31 1 1 0 3 2 0 0 2 3 2 1 4 75 99 9 3 6 0 2 0 u
O)w
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SAMPLE
2 3 0 0 N
M 5 0 N
1 0 2 * 4 6
I  I 4 5 0 E
I  I250E
C oord ina tes , ( lo c a l)
R20
EASTING
6 8 5 3 1  O ;
6 8 3 3 3  7 0
6 3 0 6 5  7 9
6 3 6 0 4  4 0
6 2 7 8 7  2 5
6 3 5 6 5  6 4
6 3 2 2 9  5 5
6 3 2 4 7  5 0
6 3 2 3 ) , 1 9
63238 80
63243 69
6 3 2 6 8  0 1
6 3 2 5 2  5 1
63249 86
6 3 2 6 : 63
63257 18
6 3 : 5 4  6 1
6 3 2 4 8  7 0
63247 88
6 3 3 9 1  1 7
3 8  8 8
6 2 7 2  7  4 4
63687 68
6 3 6 9 4  I  I
NORfHING
6 3 2 9 4  6 8
6 3 2 0 5 , 0 2
2 2  9 4
7 3 0 1  I  6 1
2 6 0 4 , 3 6
7 ) 6 3 9 , 3 0
7 0 6 0 5  6 0
7 0 0 3 6  3 5
6 9 7 0 1  8 1
69622 82
6 9 5 4 9 , 4 8
5 9 4 6 3 , 4 7
6 9 3 6 6 , 3 7
6 9 2 4 5 , 0 7
6 9 1 3 6 , 7 9
6 9 0 4 1 , 9 6
6 8 9 2 9  4 7
68827 04
6 872094
68398 25
6 7 8 9 3  5 4
6 9 6 8 5  8 0
6891521
70776 5 3
63688 03
63686 54
6 3 6 8 7  2  1
5 3 6 8 8  5 4
63686 77
6 3 6 8 0  3 1
63686 42
6 3 6 9 0  9 6
6 3 6 9 1 4 5
6 3 6 9 2  99
6 3 5 8 6  7 4
63685 26
6 3 6 8 3  0 9
63675 4 1
63667 67
63677 18
6 3 6 6 3 , 1 4
6 3 6 6 5  1 0
63675 06
7 0 6 7 2  7 3
70536 67
P lo t
Number
7 0 4 3 8  5 8
7 0 3 5 1  6 8
70281 19
7 0 1 6 5 , 0 9
7 0 0 5 6  2 6
69957 67
6 9 8 8 7 9 4
69788.63
69679 29
6 9 5 8 4  87
69461,16
69371 4 8
6 9 2 6 1  8 8
6 9 1 7 1 8 8
6 9 0 8 8 8 7
68981 7 4
68860 7 7
68765 35
L R i ;
L R I 3 3
L R 1 3 4
U R  1 3 5
U R  1 3 6
UR 137
U R  1 3 8
U R  1 3 9
UR 140
U R I 4 I
U R  1 4 2
U R  1 4 3
U R  1 4 4
U R  1 4 5
U R  1 4 6
t - l R  i  4  /
U R  1 4 8
U R  1 4 9
U R  1 5 0
U R 1 5 I
UR 152
U R  1 5 3
UR 154
UR 155
U R  1 5 6
UR 157
U R  1 58
U R  1 5 9
U R  1 6 0
U R i e i
UR 162
U R  1 6 :
U R  1 6 4
UR 165
U R  1 6 6
UR 167
U R  1 6 8
U R  1 6 9
U R  1 7 0
UR171
U R  1 7 2
(ppb)
Au
10
21
26
21
2 8
1 6
10
I I
1 5
10
9 9
6 2
UR 173
UR I 74
UR 175
UR 176 56
(ppm)
Ag
0 I
0,5
(ppb)
Te
I C O
500
800
1 9 0 0
6 0 0
200
86
22
3 6
91
7 0 0
8 3
20
92
37
4 4
3 0
3 3
4 2
20
1 4
41
500
49
38
44
Cu
375
3 5
(va lues In ppm unless o th e rw ise  s ta ted )
Mo Pb
10
1 7
I B
Zn
101
7 9
166
As
72
14
Sb Hg10
1 9 0
10
Nl 81
21
26 7 0 0
Ba
95
o>A
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CD■D
OQ.
C
g
Q.
■D
CD
C/)
C/)
8
C oord ina tes , ( lo ca l) P lo t (ppb) (ppm) (ppb) [(va lues in  ppm un less o th e rw ise  s ta ted )
SAMPLE EASTING
6 3 6 8 1  1 6
NORTHING
68666 37
Number Au
UR I 77
Ag Te Cu T ï ô ~ l  Pb Zn As Sb NI 81 Ba
6 3 6 7 9  5 0 68557 87 UR 178
6 3 6 6 0  8 4 6 8 4 3 6  79 U R  1 7 9 < I
63786 23 6 7 7 2 3 . 5 5 U R  1 8 0
6 3 6 8 9  3 1 6 7 3 9 6  4 1 U R l B l 4 8
62756 74 69767 36 U R  1 8 2 1 4
62858 03 5 9 7 8 5  6 2 U R  1 8 3 1 9
6 2 9 5 6  7 9 69775 10 U R  1 8 4
6 3 0 8 3  4 5 69756 2 1 U R  1 8 5 1 6
63̂ 8 15 69756 81 U R  1 8 6 2 6
6 3 3 6 2  7 5 69688 86 UP 187 1 7 1 4
63467 47 6 9 6 7 5 . 4 6 UR 18 8 14
6 3 5 5 4  4 2 69652 69 U R  1 8 9 12
63754 3 0 69603 20 U R I 9 0
6 3 8 8 6  8 5 6 9 6 0 2  6 5 U R I 9 I 1 6 0 0
6 4 4 6 1  50 6 9 4 4 4  I  0 U R  1 9 2 1 3 0 0
33"
CD
CD
T3
O
Q.
Ca
o3
T3O
CD
Q.
T3
CD
(/)(/)
63928 3 6 69225 70 U R  1 9 3
6 3 6 0 0 :8 6 9 0 6 1  8 5 U R  1 9 4 110 49
63764 83 69 058 ,38 U R  1 9 5 86 2600
6 5 4 4 6  6 4 67305 3 3 U R  1 9 6 7 5
65219 7 9 6636094 UR 197 1 8
6 5 2  1 8  7 3 66269.80 U R  1 9 8 5 0 0 2 6
65200 19 66188 10 U R  1 9 9 270 3 3
65247 20 66140 47 UR: 00 3 0 0
65208 52 66080 3 4 UR20I
1200
3 1
65202 6 9 6 5 9 9 0  8 6 U R 2 0 2
6519719 6 5 8 9 6 , 5 4 U R 2 0 3
65193 1 I 65 7 86 4 : U R 2 0 4 < I <1
65199 35 65669 86 U R 2 0 5 < I
6 5 2 0 0  0 8 65561.36 U R 2 0 6 < I < I
65192 21 6 5 4 3 4  8 0 UR207 < I < 1
6 5 1 7 5  3 1 65287 7 5 UR208 <1
65172 93 6 5 2 2 0 4 2 U R 2 0 9 <  I <1
65173 57 6 5 1 3 8  5 4 uR:m
6 5 1 7 4  0 3 65075 22 U R 2 1 1 <1
64715 95 65453 48 UR2I:
64796  26 6 5 4 5 0 2 7 U R 2  I 3
64895.85 6 5 4 5 4 , 9 8 U R 2 I 4 < I
6 4 9 9 6  7 1 6 5 4 6 6  I I U R 2 I 5
6 5 0 6 6  5 7 6 5 4 5 9  6 0 U R 2  1 6
6530595 65453 0 6 U R 2 I 7
6538596 65458 3 5 UR2I8
6 5 5 0 5  9 9 6 5 4 6 8  0 8
6 5 5 9 2 8 1 65474 92
64740 2 5 65068 89
I J R 2 I 9
U R 2 2 0
UR:
o>
OI
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CD
■D
O
Q .
C
g
Q .
■D
CD
C/î
C/)
8
(D
33"
(D
cB
T3O
Q .
Ca
o3
T3O
(D
Q .
T3
(D
(/)(/)
C oord ina tes , (lo ca l) P lo t (ppb) (ppm) (ppb) (va lues in  ppm unless o th e rw ise  s ta ted )
SAMPLE EASTING NORTHING Number Au Ag Te Cu Mo Pb Zn As Sb Hg Nl Bl 8a
64816: 6 8 0 7 0  5 3 U R 2::
64006.89 6 5 0 6 4 . 8 7 U R 2 2 ?
64987 74 650731 U R 2 2 4
65063 78 6 5 0 8 1 . 1 1 U R 2 2 5 < 1
6 5 1 0 7  5 6 6 5 0 6 5  3 7 UK%6 3300
6 6 6 2 1 . 5 5 6 8 7 8 2 , 9 0 U R 2 2 7
6 6 7 0 5  1 5
6 6 7 8 4 9 2
6 8 6 9 7 , 7 0
6 8 6 5 0 . 2 0
U R Z 2 8 120 600
L 1 R 2 2 9 14 3 4
6 5 8 5 0  5 1 68591 67 U R 2 3 0 4 0
66963 89 6 8 5 9 4  5 8 U R 2 Î I
6 7 0 5 4  8 8 68573.76 U R 2 3 2 100
6 7 I I 4  6 7 6 8 5 8 1 . 7 7 U R 2 3 3 7 9
6 7 1 8 5  3 2 68513 97 I J R 2 3 4
6 7 2 9  5  4 6 6 8 5 1 4 . 9 2 U R 2 3 5 4 8
67396 78 6 8 5 4 1  2 1 U R 2 3 6 1 6
6 7 5 1 5 4 1 6 8 5 4 7 U R 2 3 7 2 8 0 2 7
6 7 6 4 4 3 5 6 8 5 4 6 , 7 5 UR238 4 7 0 8 7
6 7 5 0 4  8 0 6 8 9 2 8  6 0 U R 2 3 9 4 5 0 0
6 6 8 7 1  4 7 6 8 4 6 9 2 6 U R 2 4 0 1 3
6 7 0 1 5  1 0 6 8 5 3 9  0 4 U R 2 4 I 1 8 7 900
6 6 9 6 6  8 7 6 8 4 : U R 2 4 2 500
6 7 0 9 6  3 9 6 8 5 1 2 3 4 U R 2 4 3
6 6 8 1 2 9 7 6 8 1 7 8  1 3 U R 2 4 4 83
6 6 9 4 3  6 : 6821C144 UR245 28 1 7 0 0
6 6 9 9 8  8 7 68315 O : U R 2 4 6 200
6 6 4 8 6  0 4 6 7 6 6 9  1 0 U R 2 4 7 4 8 1 4 0 0
66535 74 5 7 7 7 6  5 6 I J R 2 4 8 1 4
6 6 6 6 5  1 6 6 7 8 5 6  5 7 U R 2 4 9 4 5 1 9
6 6 7 1 4 2 3 67900.33 U R 2 5 0 1 9 3 4
6 6 7 9  3  5 1 67979 37 U R 2 5 I 8 5
6635525 6 8 0 3 5  4 2 UR252 3 2
66923 24 6 8 1 0 8 , 2 0 UR253 3 8 2 5
67016.28 6 8 1 9 5  8 6 UR254 4 5
6 7 0 8 9  4 9 6 8 2  I  7  3 2 U R 2 5 5 20 2œ
6 7 1 4 6  4 5 6 8 2 4 9  4 0 U R 2 5 6 6 1 300
6 6 9 3 1 2 5 6 7 9 2 4  2 9 U R 2 5 7
6691: 67996.22 U R 2 5 8
6 7 1 3 1 2 5 6 8 1 4 5  8 9 J R 2 5 9
67176 02 6 8 0 8 8  0 4 U R 2 6 0
6 7 3 4 9  9  I 6 8 1 4 5 , 8 1 U R 2 6 I
67362 73 6 8 0 9  3  9 8 U R 2 6 2
6 7 9 1 7 , 1 I 6 6 9 4 6  2 4 U R 2 6 3
68363 7 9 6578793 IJR264
6 8 5 8 1 4 6 4 9 7 8  4 2 I J R 2 6 5
6 8 7 4 6  9 8 64230 71 UET266
74
56
< 1
41
7 3
'5
16
8
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CD
■D
O
Q.
C
g
Q.
SAMPLE
9 4 0 3
9404
9 4 0 5
9 4 0 6
9 4 0 7
9408
9 4 0 9
9 4 1 0
9 4 1  ■
9 4 i :
9 4 1 3
9 4 1 4
9 4 1 5
9 4 1 6
0-00
0,00
0 00
0 00
0 00
000
0.00
0 00
0 00
0 00
0 00
0 00
0 00
0 00
C o o r d i n a t e s ,  ( l o c a l )
Rî
R 4
R 1 2
R 9
EASTING
6 1 4 4 7  5 8
6 1 5 5 1  5 7
6 1 6 0 1  1 9
6 1 6 5 1  2 6
6 1 7 8 4  6 4
6 1 8 7 8 . 1 3
6 0 4 5 0  8 0
6 1 0 7 5 . 2 9
61754 29
6 1 7 8 2  7 6
61890 08
6 1 9 6 9  4 0
6 1  1 2 3 2 7
6 1 5 3 1 . 2 1
6 3 1 4 2  0 4
6 3 2 5 8  6 6
6 4 2 3 3  2 6
6 4 0 8 1 . 1 8
6 4 0 6 9  9 6
64255 77
6 5 5 3 6  6 2
6 4 5 4 !  4 0
6 7 1 0 3  1 6
6 7 2 4 1  7 8
68703 6:
68687 3 5
67930 73
6 7 9 3 8  1 8
6 8 0 4 5  :
6 7 1 9 4  0 6
6 7 4 2 3  2 5
6 5 4 0 0  4 8
6 7 4 4 5  8 6
6 8 2 3 8  2 1
6 8 5 0 9  2 9
6 8 4 1 8 . 6 6
NORTHING
7062592
70696 23
7 0 6 1 4  6 8
7 0 6 1 5  2 2
7 0 6 6 9  5 2
70629.05
7 0 1 7 7  8 0
7 0 2 6 7 2 5
7 0 4 6 4 9 0
70467 33
70493 5 4
70547 75
6 7 5 2 0  6 1
6 7 6 4 2  5 3
6866027
69665 0 0
6 9 4 9 8  3 7
70555 90
70686.99
7 0 7 6 5  4 2
6 8 8 5 6 . 8 9
6 6 2 5 4 5 1
6798449
6 8 3 8 2  6 9
69472 5 6
6 8 4 5 4 0 9
6 3 7 8 4 4 1
63497.58
63532.04
6 5 4 7 4  5 9
66487.75
6 4 1 5 3 8 7
6 4 7 5 3  5 9
6574344
6 6 1 2 0  1 3
6 6 5 3 5
P l o t
Numtier
U R 2 6 7
EEG6B
E R 2 6 9 '
ER270
ER27I
E R 2 7 2
EFG73
E R 2 7 4
E R 2 7 5
E R 2 7 6
E R 2 7 7
E R 2 7 8
ER279
E R 2 8 0
E R 2 8 I
E R 2 8 2
E R 2 8 3
E R 2 8 4
E R 2 8 5
E R 2 8 6
ER287
ER288
E R 2 8 9
E R 2 9 0
ER29I
E R 2 9 2
ER293
E R 2 9 4
E R 2 9 5
ER296
E R 2 9 7
C R 2 9 8
C R 2 9 9
CR300
C R 3 0 1
C R 3 0 2
CR503
CR3(M
C R 3 0 5
C R 3 0 6
CR307
CR308
CR3(M
CP3m
CR3I I
( p p b )
Au
38
8 1
6 0 0  
670 '
38
I  I  1 0
290
1 6
9 4
2 5
190
1 10
2 4
5 4
30
( p p m )
'02
02
0.2
0  5
'0.2
02
0 9
0 1
• 0  I
'Q  I
( p p b )
Te
[ ( v a l u e s  I n  p p m  u n l e s s  o t h e r w i s e  s t a t e d )
C u M o P b Z n A s S b
8 0
Hg N f Bl B a
700
300
1000
100
5 0 0
100
100
5 0 0
100
200
100
200
b o o "
300
7 0 0
1 4 0 0
300
2400
4 7 0 0
1 5 0 0
1700
3 0 0
300
800
3 0 0 0
5 0 0
200
1000
3 0 0
177
19
1 5
21
7 9
26
2 8
1 7
21
6 7
1 3 5
165
5 8
12
24
5 1 44
I  I
-2000 21
10
20
2 8
4 4
190
'2000
2000
2000
'2000
'2000 10
12
6
2 4
3 9
86'
4 9
36
5 6
2 5
'2
'2
1 4
2000 7 4 I  1 7
12
12
12
12'
'2 8
12
_ 3 5 Q
420
MO '  
4 8 0  '  
' 4 3 0  
'  1 3 0  
'  i e î ' i '
3 K 1  
' 2 3 0 '  
Mo ' 
2"'tu 
260 ' 
I'll'
1 ô'i
o>N
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CD
■D
O
Q.
C
g
Q.
C o o r d i n a t e S .  ( l o c a l ) P l o t ( p p b ) ( p p m ) ( p p b ) ( v a l u e s  I n  p p m  u n l e s s  o t h e r w i s e  s t a t e d )
S A M P L E E A S T I N G N O R T H I N G N u m b e r A u A g T e C u M o P b Zn A s S b H g N l B l V F B a
9 4 1  7 0  0 0 p / 7 0 5 7 9  7 5 6 6 9 9 8 - 8 2 C R 3 I 2 9 9 0 3 ■ 2 0 0 0 2 8 3 3 3 4 2 1 8 1 6 3 8 0 1 9 0
9 4 1 8 0 , 0 0 H 7 0 8 6 5  0 2 6 X 6 8  7 2 C R 3 I 3 1 3 5 1 - 5 2 0 0 0 1 0 8 5 5 0 0 3 8 3 5 9 <  1 1 2 - - 2 6 0 2 6 0
9 4 1 9 0  0 0 P i 7 2 0 8 3  8 1 6 7 5 6 8 . 9 6 C R 3 I 4 5 8 0 . 5 2 0 0 0 1 6 1 0 4 0 1 6 2 <  1 1 6 - - 1 0 2 0 3 2 0
9 4 2 0 0  0 0 R i 7 2 0 9 7  9  7 6 7 6 8 6 . 7 8 C R 3 I 5 2 1 9 1 . 7 ' 2 0 0 0 1 4 6 6 7 1 4 2 9 < 1 1 2 - - »-  - 3 0 0 2 6 0
9 4 2 1 0  0 0 p 7 1 9 1 6 6 6 6 7 6 6 4  5 9 C P 3 I 6 1 5 1 0 6 ■ 2 0 0 0 6 5 4 8 7 2 2 2 0 1 4 < 1 1 2 ■- 6 0 0 2 2 0
9 4 2 2 0 - 0 0 p 7 3 3 5 2  1 3 6 9 1 9 0 . 8 6 C R 3 I 7 < 2 ' 0  1 • 2 0 0 0 1 6 3 6 5 7 < 2 < 1 1 6 -  - 4 2 0 2 3 0
9 4 2 3 0 - 0 0 P 4 7 3 6 1 5  7 6 6 9 2 9 7  6 0 C R 3 I 8 6 5 1 0 . 6 2 0 0 0 6 2 3 1 5 7 2 0 7 0 < 2 < 1 1 6 - - - 4 8 0 1 2 0
9 4 2 4 0 - 0 0 P 3 7 2 9 4 5  9  1 6 6 2 9 5 . 4 1 C R 3 I 9 2 0 - 1 ■ 2 0 0 0 9 3 3 5 8 < 2 < 1 1 6 5 6 0 1 8 0
9 4 2 5 0  0 0 P 2 7 2 7 9 9  4 0 6 6 6 0 6 - 2 3 C R 3 2 0 5 0 2 < 2 0 0 0 2 9 2 1 9 7 3 < 2 < 1 1 6 - - 1 2 0 0 2 7 6
9 4 2 6 0  0 0 Ui 7 1 6 2 5  1 2 6 6 7 1  I  4 3 C R 3 2 1 4 < 0  1 ■ 2 0 0 0 1 7 2 7 4 3 < 2 <  1 1 2 - - 1 9 0 0 1 9 6
9 4 2 7 0  0 0 P S 7 6 1  7 4  3 6 6 9 2 1 8  9 3 C R 3 2 2 ( 2 < 0  1 < 2 0 0 0 6 2 3 1 1 0 6 < 2 < 1 2 0 - - 2 1 0 0 7 1
9 4 2 8 0  0 0 p 7 0 4 5 2  8 0 6 7 3 4 6 - 0 0 C R 3 2 3 5 0 - 1 < 2 0 0 0 1 2 2 6 5 8 < 2 <  1 2 0 - - 5 2 0 1 2 4
9 4 2 9 0 - 0 0 R 6 7 0 0 8 7 - 7 6 6 8 0 7 9  6 5 C R 3 2 4 > 2 < 0 - 1 < 2 0 0 0 7 1 3 6 6 < 2 (  1 1 6 - - -  - 5 0 0 1 9 9
9 4 3 0 0 0 0 P S 7 3 2 5 0  4 4 7 0 2 1 3  6 9 C R 3 2 5 7 0 3 ' 2 0 0 0 3 7 1 3 3 3 3 0 < 1 1 6 - - 2 8 0 7 5
9 4 3 1 0 . 0 0 P . 5 7 4 0 6 8  3 4 6 9 5 0 2  4 3 L R 3 2 6 5 0  1 < 2 0 0 0 2 7 5 2 5 4 9 < 1 1 6 2 8 0 1 5 0
9 4 3 2 0 0 0 P 4 7 3 9 9 7 - 5 5 6 9 5 3 2  1 6 C R 3 2 7 4 0  1 ' 2 0 0 0 2 6 9 2 8 2 6 <  1 4 0 - - __ 5 6 0 1 5 7
9 4 3 3 0 0 0 p 7 3 9 3 3  0 2 6 9 4 7 4  1 5 C R 3 2 8 2 0 0 2 < 2 0 0 0 2 6 1 5 1 4 6 7 0 2 5 2 0 - - 4 0 0 5 1 0
9 4 3 4 0 0 0 p 7 3 9 8 4  9 9 6 9 4 2 3  2 6 C R 3 2 9 2 4 0 2 2 0 0 0 4 2 3 1 1 5 3 9 0 5 2 2 8 - - 2 9 0 3 2 6
9 4 3 5 0  0 0 p j 7 3 8 6 6  6 2 6 9 4 2 2  4 3 C R 3 3 0 1 3 0 2 ' 2 0 0 0 2 2 1 0 6 9 2 1 5 < 1 1 6 — 3 4 0 1 3 6
9 4 3 6 O D D P l U 7 3 3 6 6  2 9 6 8 9 0 1  8 0 C R 3 3 1 9 Ô  1 ■ 2 0 0 0 % 5 8 7 0 < 2 < 1 1 6 - 4 6 0 1 2 5
9 4 3 7 0 0 0 p 7 2 0 7 2  1 6 6 5 5 3 9  8 6 C R 3 3 2 4 0  2 2 0 0 0 2 5 1 1 3 5 2 1 1 <  1 2 b - - 7 4 0 9 0
9 4 3 8 0  0 0 P 4 7 2 0 6 3  9 8 6 6 6 6 1  6 1 C R 3 3 3 8 0 2 < 2 0 0 0 6 9 1 3 5 4 1 < 2 < 1 1 6 0 4 0 1 1 9
9 4 3 9 0  0 0 p M 9 5 3 2 7 6 6 5 4 1  7 3 C R 3 3 4 4 0  1 < 2 0 0 0 8 1 4 1 6 8 3 <  1 2 0 - -  - 4 4 0 9 5
9 4 4 0 0 - 0 0 E 7 1  7 6 2  2 0 6 6 5 8 2  2 9 C R 3 3 5 5 3 1 7 < 2 0 0 0 4 2 3 3 0 < 2 < 1 1 6 2 5 0 7 8
9 4 4 1 0  0 0 P I S 7 2 2 3 2  2 7 6 7 2 6 2  4 7 C R 3 3 6 1 0 0 3 • 2 0 0 0 3 1 1 1 1 3 5 1 3 <  1 1 6 - - 2 7 0 1 4 4
9 4 4 2 0 - 0 0 p 7 2 0 4 5  5 6 7 4 4 5 1 - 7 0 C R 3 3 7 2 < 0 2 < 2 0 0 0 4 < 0 - 2 3 3 6 5 2 <  1 < 1 0 1 -
9 4 4 3 0  0 0 P S 7 4 2 6 5  7 0 7 1 6 9 2 . 9 2 C R 3 3 8 ' 2 0 - 1 7 4 1 9 9 7 < 2 1 6 -
9 4 4 4 0 - 0 0 P S 7 4 7 2 7  4 3 7 2 5 4 5 - 0 3 C R 3 3 9 ( 2 0 - 1 - - l l j 3 1 0 4 6 < 2 < 1 < 1 0 - - - - - -
9 4 4 5 0  0 0 P S 7 3 U V 3 4 7 4 9 1 3  1 2 C R 3 4 G ' 2 0  1 - - 7 3 1 1 3 7 < 2 < 1 < 1 0 - - »  -
9 4 4 6 0 - 0 0 P S 7 0 6 3 5  1 0 7 4 7 0 6  8 6 C R 3 4 I < 2 < 0  1 - - 6 3 5 5 6 < 2 <  1 < 1 0 -  —
9 4 4 7 0 - 0 0 p / 7 2 0 4 6  4  7 7 4 5 8 4 9 3 C R 3 4 2 ' - 2 0  1 - - 5 4 1 3 2 0 < 2 <  1 1 2
. . . . . . .
9 4 4 8 0 0 0 P S 7 4 8 8 4  6 8 7 3 4 6 4 5 3 C R 3 4 3 ' 2 0  1 - - 3 r  1 9 2 4 < 2 < 1 1 2
9 4 4 9 0  0 0 P i 7 4 9 6 6  1 1 7 5 4 9 4  9 9 C R 3 4 4 < 2 0  1 7 3 8 1 8 < 2 <  1 1 2
9 4 5 0 0  0 0 P 3 7 2 4 3 7  6 4 7 1 2 9 3 3 1 C R 3 4 5 < 2 0  1 1 0 1 2 6 5 6 < 2 <  1 <  1 0
- - - - - - - - - - - - - - - - -
9 4 5 1 G O D P b 7 1 6 1 7 4 2 7 2 9 8 3  8 2 C R 3 4 6 ' 2 0  1 - - 5 3 1 6 2 6 < 2 <  1 '  1 0
9 4 5 7 0.00 P i 7 2 3 8 1  5 2 5 9 5 2 6  7 6 C R 3 4 7 ' 2 < 0  1 1 2 2 2 0 7 9 < 2 <  1 < 1 0
9 4 5 3 0  0 0 P 2 7 1 2 6 6  3 6 6 2 8 5 3 . 6 0 CR548 3 6 9 0 - 6 - - 2 2 5 1 9 4 8 4 7 1 2 0
9 4 5 4 0  0 0 P 2 7 2 3 3 5  8 2 6 4 0 8 2  7 9 C R 3 4 9 1 0 2 <200 1 0 1 1 1 4 8 1 4 0 5 •
9 4 : 5 0  0 0 P 2 7 2 1 8 5  3 4 6 2 3 0 9  1 7 C R 3 5 0 6 0  2 4 9 3 2 8 3 7 0 < 2 1 6
9 4 5 5 0  0 0 9 6 7 2 2 3 2  3 2 6 2 1 8 5  9 2 C R 3 5 I 7 0 3 - - 2 0 9 6 3 3 5 6 0 < 2 •  t o
’ - - - - - - - - - - - - - - - . . . . . . . . . . . . . . . . .
9 4 5 7 0 0 0 P S 6 4 7 0 1  O S 6 7 8 5 1 . 2 5 C R 3 5 2 1 8 0  1 1 6 2 7 6 2 8 0 3 5 3 2 0
-. . - ...-------- ---- —
9 4 5 8 0  00 P 2 6 6 2 1 4  7 6 6 7 9 1 8 - 7 6 C R 3 5 3 4 1 0 - 1 1 7 4 3 6 7 5 5 12 — - —
— ---- —
9 4 5 9 0  0 0 P S 6 7 3 7 4  4 9 7 0 3 3 5  5 7 C R 3 5 4 ' 2 ■ 0  1 - - 7 2 5 2 1 4 0 < 2 1 2
-  — ;- - - - - - -.---- _
9 4 6 0 0 - 0 0 P 3 6 9 3 4 4 9 6 6 8 0 9 4  0 1 C R 3 5 5 4 0  1 - - 5 2 5 6 2 < 2 1 2
u —. .. -
9 4 6 1 64 752 49 5 8 0 3 9 . 4 8 1 0 2 < 2 0 0 3 3 1 3 4 1 1 3 6 u
g
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CD"OO
Q .
C
g
Q .
■D
CD
C/)
o "3O
8
ë'
3
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CD
CD■DO
Q .
CaO
3
■DO
Coordinates, (local) Plot (ppb) (ppm) (ppb) (values In ppm unless otherwise stated)
SAMPLE EASTING NORTHING Number Au Ag Te Cu Mo Pb Zn As Sb r  Hg Nl ^  Bl V F Ba
9 4 6 2 59 2 50 700 3 0 '  1 1 8 6 4 1 4 4 1 1 0 7
9 4 6 ? 2 2 3 40 3100 2 9 8 4 7 5 7 1 9 1 1 0
9 4 6 4 2 5 0 20 3 0 0 2 3 (  1 2 1 3 8 6 '  1 M O
9 4 6 5
9 4 6 6
9467
9 4 6 8
9469
9 4 7 0
9 4 7 1
9 4 7 2 (  1 <1 1 5 4 1 <  1 ( I 0 05
9 4 7 3 ISO 3 350 181 3 7 3 0.09
9 4 7 4 1 2 4 2 0 4 3 3 <  1 0 07
9 4 7 5 1 0 <  1 15 6 3 1 <1 0.03
9476 1 7 2 3 7 81 2 <  1 0.06
9477 2 0 < 1 1 5 1 9 6 <1 <  1 0.08
9 4 7 8 20 2 8 4 3 5 3 0 164 3 0 2 4
9479 93 3 148 4 8 0 24 5 0 . 0 1
9 5 0 0 < 2 ‘ 2 1 3 3 4 1 7 7 8 4 0 <  1 < 5 148 1800 1 8 3 6
R E F E R E N C E  0  =  N O T  A f ^ L V Z E O ,  L O W E S T  V A L U E  6 1 V : N  -  A T  O R  B E L O W T H E  ŒTECTIONL I M I T  F O R  T H E  ELEMENT
R  =  R O C K S A f l P L E ,  P I O =  P O C E  C H I P  S A M P L E  T A K E N  O V E R  l O L I N E A R F E E T  O R  W I T H I H A  1 0  F O O T  I N  D i A M E T E R C t R C L E ,
F  :  F L O A T  S A M P L E ,  F  1 0 ^  F L O A T  S A t l P L E  T A T E N O V E R  lOLINEARFEET OR WITHIN A 1 0  F O O T  I N  D I A M E T E R  C I R C L E .
0  :  D U M P  S A M P L E ,  O l O  =  D U M P  S A M P L E  T A K E N  O V E R  l O L I N E A R F E E T  O R  W I T H I N  A  1 0  F O O T  I N  D i A M E T E R C t R C L E
f  =  T R E N C H  S A M P L E .  T I G  =  T R E N C H  s a m p l e  T A K E N  O V E R  l O L I l T E A R F E E T . I  |  |  |
P  - -  P R O S P E C T  P I T  S A M P L E ,  R I O  =  P I T  S A M P L E  T A K E N  O V E R  1 0  L  I N E A R  F E E T  O R  W I T H I N  A  1 0  F O O T  I N  D I A M E T E R C I R C L E ,
CD
Q .
■O
CD
C/)
C/)
S
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Appendix H Acquired Soil Survey Geochemciai Data
KEY:
1. Sample Number- Many of the values were taken from maps where a 
sample number was not used, only a point and a corresponding chemical 
concentration. When a sample was reported, it is recorded in this column.
2. Coordinates flocal) - These numbers are an artifact of the digitizing 
process. They precisely locate a specific point on the base map, Plate 1. On the 
base map there are four points, labeled Pt.1, Pt.2, Pt.3, Pt.4. These four points 
have the following coordinates:
Pt. 1 = 49,150 easting 
Pt. 2 = 49,450 easting 
Pt. 3 = 76,950 easting 
Pt. 4 = 75,100 easting
54,550 northing
81.250 northing
81.250 northing 
54,400 northing
Any point represented as a coordinate number can be relocated using the four 
control points as references.
3. Plot Number - The plot number is an arbitrary sequencing number with 
a prefix that specifies the company that collected the data and the type of 
sample.
orefix comoanv sample tvoe
ER Elam rock chip sample
ES Elam soil sample
UR Utah International rock chip sample
US Utah International soil sample
LR Lehmann and Asso. rock chip sample
LS Lehmann and Asso. soil sample
LSS Lehmann and Asso. stream sediment sample
OR Coeur Exploration rock chip sample
CS Coeur Exploration soil sample
CSS Coeur Exploration stream sediment sample
170
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171
Correlation chart and summary statistics derived from 345 soil
samples.
E le m e n ta C o rre la t io n  C h a r t ' 1
Au Ag T e Cu Mo P b Zn As S b  Hg Bl W V F Ba
Au 1.00 I
Ao 0.34 1.00 1
T * 0.33 0.54 1.00 1
Cu 0.82 0.79 0.87 1.00
Mo 0.78 0.79 0.86 0.89 1.00
Pb 0.94 0.94 0.90 0.78 0.78 1.00
Zn 0.83 0.82 0.76 0.78 0.70 0.87 1.00
As 0.92 0.92 0.88 0.91 0.93 0.89 0.81 1.00
Sb -0.10 0.05 0.04 -0.02 0 .Ï5 ^ .09 -0.11 ■0.07 1.00
Hg 0.29 0.34 0.18 0.19 6.04 6.19^ 0.22 0.19 0.06 1.00
8 i 0.60 0.62 0.36 0.35 0.38 0.51 0.38 0.57 -0.13 0.06 1.00
W -0.09 -0.12 -0.17 -0.06 1^.12 -o '.iz -6.21 -0.08 -0.09 ^ .08 -0.09 1.00
V 1.00
F 1.00
Ba -0.30 -0.22 -0.38 ■0 34 -0.53 -0.23 0 0 6 -0.37 -0.19 0.34 -0.21 -0.14 1.00
'Blanks in the chart re due to  lack o f dati1. resultina in an undefined r number.
i
I
S um m ary  S ta t s tie s
1
Au Ag f e Cu Mo 1 Pb 2n As 5b Hg B i W V p Ba
Mean 21 0 377 39 4 1 76 243 38 2 27 2 1 0 0 269
Med 9 0 2ÔÔ 33 ' - ' T j - m ' 255 16 2 20 2 1 0 0 2 5 ë '
Mode 4 0 300 22 3 60 17 2 20 2 1 0 0
Std Dev 4 6 0 557 22 3 51 110 64 0 21 1 0 0 0 77
Range 505 2 7896 82 12 1 232 452 258 1 85 2 1 0 0 302
M in 0 0 4 17 1 1 30 127 6 2 5 2 1 0 0 170
M ax 505 2 7900 99 13 262 579 264 3 9 0 4 2 0 0 472
Count 327 243 333 IQ 18 1 18 18 18 18 18 18 18 19 18 18
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Acquired Soil survey data | \
W tbl BUTIE, SWEET GRASS HILLS, MONTANA
■ - - - - - - - - - . a _ a
Sample COORDINATES(LOCAL) Plot (ppb) (ppm) (ppb) Values in ppm unless otherwise stated
Number EASTING NORTHING Number Au Ag Te Cu Mo Pb Zn As 5b Hg Bi W V F Ba- - - - ..... —— aaaaa aaaaa
WB 89-51 63489.26 68714.15 51 31 0.1 300 34 2 52 150 17 2 20 2 2 ô 0 226WB 89-52 63496.13 68613.15 52 21 0.1 100 22 1 32 137 10 2 10 4 1 0 0 259WB 89-53 63509.18 68523.28 S3 32 0.1 300 22 1 30 140 6 2 20 2 1 0 0 276
WB 89-54 63634.42 68542.85  ̂ 54 16 0.1 400 28 3 60 127 17 2 5 2 1 0 0 207
WB 89-55 63653.02 68633.5 55 33 0.2 600 28 3 84 203 18 2 S 2 1 0 0 306
192WB 89-56 63660.91 68730.3 56 320 1.9 2200 99 13 262 579 264 2 50 4 1 0 0
WB 89-57 63764.6 68833.84 57 82 0.4 1400 90 11 92 326 141 2 10 2 1 0 0 170
WB 89-58 63853.42 68854.29 58 35 0.2 700 30 3 102 339 22 2 20 2 1 0 0 346
WB 89-59 63996 68855.21 59 43 0.1 300 39 3 65 312 17 2 10 2 1 0 0 287
WB 89-510 64129.13 68840.24 510 58 0.3 1100 41 2 98 255 17 2 20 2 1 0 0 315
WB 89-511 64128.74 68683.68 511 31 0.3 300 40 1 51 254 22 2 90 2 1 0 0 472
WB 89-512 64006.56 68654.86 512 27 0.1 100 32 2 56 293 13 2 10 2 1 0 0 337
WB 89-513 63860.57 68640.37 513 54 0.4 900 45 S 77 258 29 3 30 2 1 0 0 244
WB 89-514 63762.02 68664.5 514 32 0.1 500 17 3 57 151 13 2 40 2 1 0 0 209
WB 89-515 63775.63 68532.18 SIS 21 0.3 500 31 5 48 159 22 3 30 2 1 0 0 214
WB 89-516 63871.27 68501.68 516 50 0.1 600 39 3 60 166 20 2 40 2 1 0 0 180
WB 89-517 64016.9 68518.58 517 36 0.2 500 25 2 S3 262 17 2 30 2 i 0 0 356
WB 89-518 64169.81 68514.16 5 1 8 ^ 91 0.3 800 47 2 82 256 20 2 40 2 1 0 0 252
62162.86 70471.12 U519 4 0.1 35 — ..
— 62353.79 70464.99 US20 4 0.1 59 — - — —  y..
— 62571.46 70453.31 U521 2 0.1 87 — « -, ",
— 62756.57 70459.68 U522 3 0.1 23 — -• •• „ „
— 62996.75 70452.9 U523 1 0.1 300 — — ", — mm „
" 63219.89 70431.93 ÜS24 6 0.1 340 — a« a-
— 63406.05 70428.27 U525 12 0.1 55 — •- — ", a.
63627.11 70402.13 U526 13 0.1 125 — aa
- 63789.13 70390.78 US27 3 0.1 260 — — •• — -
— 62206.19 69976.82 US28 S 0.2 4 — — ,, a. .. ............ ..
— 62292.61 69971.68 US29 11 0.2 10 - - — aa aa
— 62439.96 69970.53 US30 4 0.1 n 5 — -, aa '
— 62611.25 69963.06 US31 4 0.2 70 -, „ aa a.
- 62832.67 69960.94 U532 9 0.2 50 - __ aa " ■
— 63044.48 69958.14 US33 8 0.3 200 — ", aa a.
— 63224.6 69952.56 US34 21 0.8 240 — aa
63451.31 69955.17 U535 18 0.7 260 -, «- aa ■------------
63636.52 69941.91 US36 S 0.4 290 — -a .. ■
62259.44 69345.85 U537 9 0.2 240 — aa ----------------------
62418.73 69339.34 US38 S 0.2 40 .. •• a. * -------------------- -----------------
62591.99 69330.24 US39 8 0.1 100 “* aa ....................... --------------------
— 62801.47 69332.28 U540 8 0.1 10 », „ -------------- ------- --- '■
— 62981.46 69343.92 U541 13 0.2 5 wm - —  — - -— —..., ------------
63146.81 69315.31 U542 6 0.2 250 a. -------------------- --------------------- -- —  -
- 63349.84 69315.03 U543 9 0.3 340 - aa -------------- ...... —  -
63557.47 69300.67 US44 8 0.2 320 - — — ” — -  ̂ - r ",
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Sample COORDWATES(LOCAL) Plot (ppb) (ppm) (ppb) Values In ppm unless otbenwlse stated
Number EASTING NORTHING Number Au Ag Te Cu Mo Pb Zn As Sb Hg Bi W V F Ba•* 63780.03 69399,44 US4S 4 0,2 460 *- mw *•
" 63977.88 69400.83 US46 4 2.1 300 #" «m — -, „
" 64144.04 69398.64 US47 7 0.2 310 — — a* «a
— 64336.63 69396.5 US48 7 0.3 5 " *. - mm mm
64526.51 69400.39 US49 12 0.3 480 — -- -* mm mm
" 64718.63 69393.05 US50 6 0.2 660 — » •• mm mm aa
" 64977.6 69384.43 US51 2 0.2 140 — — mm *• aa
" 65287.45 69325.07 US52 3 0.2 880 •“ •- -- -, — aa
” 65521.22 69317.98 US53 5 0.1 440 ■■ •- •» - — aa
- 65717.31 69309.39 US54 2 0.1 860 " - •- aa
" 65926.18 69324.25 US55 5 0.1 200 -■ »- - mm —
" l 661 29.85 69312.75 US56 7 0.1 140 -* .. — mm aa
" 66326.11 69314.96 ÜS57 1 0.1 73 " -- mm rnm
“ 66481.82 69310.1 US58 ^ 4 1.0 140 •• *> »* •mm — a.
- 66559.11 69310.68 US59 S 0.1 300 - mm —
“ 66640.42 69311,21 US60 2 0.3 120 • • — mm a. aa
" 66723.25 69307.31 US61 1 <0.1 100 - •• mm — aa
~ 6682649 69301.94 US62 4 <0.1 500 -- — mm -a aa
" 66906.57 69300.89 US63 17 <0.1 340 — W mm — —
— 67004.26 69299.6 US64 8 <0.1 700 -- " •• mm mm aa
- 67123.73 69308.03 uses 8 <0.1 520 •“ ## mm mm a.
- 67229.26 69295.02 ÜS66 8 Ô.l 220 « — ■“ mm mm aa
- 67310.72 69305.96 US67 10 <0.1 320 — -- mm mm aa
-- 67424.74 69298.85 US68 290 0.2 940 ” — •« — mm ..
" 67518.49 69301.21 US69 22 <0.1 380 — •• a* mm aa „
— 67629.85 69303.35 ÜS70 11 <0.1 400 •- .. ** .. mm —
-• 67721.5 69299.73 US71 24 <0.1 200 — - — mm a.
-- 67835.49 69290.22 US72 27 0.7 2200 — — ** aa aa
" 67919.58 69289.91 ÜS73 12 <0.1 1160 - mm aa a.
68018.48 69288.6 ÜS74 12 <0.1 67 — mm aa —
62150.5 68783.61 US75 17 0.4 500 *- mm a.
62377.13 68782.24 US76 15 0.4 200 — - mm a. —,
62579.96 68796.43 US77 7 0.3 150 - •• mm aa
62800 68778.59 US78 5 0.3 ISO " •• mm aa
62957.21 68777.64 ÜS79 9 0.4 200 — — •• mm mm
63142,51 68769.98 ÜS80 10 0.3 200 •* — -• mm a.
63356.71 68767.15 usai 10 0,4 200 — - •• mm ■ ........
63602.4 68806.75 US82 8 0.4 300 — — mm mm - -------
63695.03 68841.17 US83 17 0.5 800 — 1 •• mm " : ■ ------------
63911.66 68839.51 ÜS84 8 0.5 1400 — 1 • • mm .....................- —  '-----------
64084.09 68828.02 US85 3 0.6 800 -• 1 mm —— . ------------ - —— '—
64315.6 68830.97 US86 160 2.0 7900 -- - - . ---------------------- ----------- -
64531.47 68832.12 US87 10 0.5 1000 “ •• -m — 1— ------------ -------------------- ■ ------------
— 64800.86 68797.73 US88 S 0.3 500 *- — mm „ _ .  — ... ----------- . . . .  —
■■ 64988.27 68797.26 US89 3 0.5 900 — mm -,---------- -------  -
*■ 65121.01 68835.55 US90 4 0.4 900 — - mm —.........— '— — -------
- 65270.35 68833.58 US91 4 0.6 1000 « — mm ------------------- ----------- ------ - -
65515.73 68826.73 US92 4 0.6 400 " — — ” « aa - _ ' .r' mm
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Sample COORDINATES(LOCAL) Mot (BP*»)j (ppm) (ppb) Values in ppm unless otherwise stated
Number EASTING NORTHING Number Au - Ag Te Cu Mo Pb Zn As Sb Hg Bi w V F Ba65722.92 68836.01 US93 5 0.7 500 - - * " . .
65918.24 68829.42 US94 4 6.9 600 - - " * * mm —
66144.82 68850.06 US9S 54 0.3 115 — " — mm mm • • mm
“ 66349.48 68825.33 US96 11 0.4 600 " - • mm mm mm
- 66512.59 68833.19 US97 4 0.6 300 — •“ — mm mm mm. mm
” 66601.88 68832.41 US98 9 <0.1 520 - - — —• - mm mm mm
— 66688.13 68841.68 US99 <0.1 220 — - - • • mm mm mm mm
— 66770.79 68826.17 US100 2 <0.1 500 • “ — "" mm mm mm __
" 66857.36 68831.04 USIOI 2 <0.1 520 •- — mm mm — _
- 66983.13 68806.15 US102 7 <0.1 1420 » - - " mm mm mm mm am
" 67118.39 68799.56 US103 2 <0.1 800 — - - -* mm mm mm m.m
“ 67280.38 68787.01 US104 17 <6.1 520 — — mm mm — mm am mm
“ 67406.57 68789.34 US105 23 <0.1 520 •• -- -- mm mm •* mm mm a.
— 67549.07 68785.46 US106 38 <0.1 160 - mm mm mm
— 67688.33 68778.42 US107 65 0.6 1300 — mm mm mm mm
“ 67786.45 68779.12 US108 38 0.7 900 — -- ■» mm mm mm mm mm
- 67872.67 68786.79 US109 52 6.5 1800 — . . — mm mm mm m. mm
" 67960.16 68772.82 US110 40 <0.1 700 — — • • mm mm — mm mm
-- 68034.21 68770.24 US111 17 <0.1 300 - • mm mm mm mm
" 68100.34 68774.18 US112 14 <0.1 32 — • • — •m mm mm. mm
— 62147.89 68319.83 ÜS113 7 <0.1 22 “ — • • mm mm mm mm
*• 62288.21 68321.3 ÜS114 IS <0.1 37 — " mm mm mm
62534.49 68324.99 US115 20 <0.1 42 — •• mm mm mm
" 62730.71 68320.69 US116 12 <0.1 20 » — — mm mm mm . .
— 62900.15 68316.65 US117 20 <0.1 37 - * - • • mm mm mm
63156.3 68310.56 US118 9 <0.1 17 " — mm mm mm
“ 63368.14 68308.53 US119 6 <0.1 28 " — mm mm mm
— 63556.91 68317.21 US120 20 <0.1 22 — • • mm mm
— 63763.09 68310.39 US121 18 <0.1 43 . . — — mm mm
—  .* * 63952.02 68308.01 ^ US122 4 0.8 1270 — — — mm mm
” 64175.82 68304.25 US123 45 0.5 590 ” — m. mm
64369.12 68295.69 US124 38 0.3 520 — — -■ mm mm
64565.78 68297.9 US12S 105 0.6 530 “ — — mm
64769.01 68284.41 US126 " — " * - — mm
64949.29 68289.23 US127 — " — " mm  ̂ . .
— 65448.99 68283.83 US128 14 0.2 1150 ■■ — — ....-------
•* 65708.81 68278 US129 8 0.6 400 •• • • — - —
" 65967.97 68282.18 US130 5 0.5 670 - * •• ---------------------- -
*■ 66210.8 68291.39 US131 43 0.8 1020 “ " • --------- -------------------
— 66367.56 68276.91 ÜS132 27 0.3 1370 — — — ' ------- ---------------------- — —
66460.49 68304.91 US133 10 0.3 380 —• * • *# -------- ---------------------- -
" 66574.55 68273.77 US134 17 ” fc- mm ----------------- ..----------------------
"■ 66654.94 68266.7 US135 11 0.3 600 - * - • mm ------------  - —  -
" 66761.8 68262.89 US136 15 0.4 30 — “ mm ----- ... —
- 66863.99 68267.55 US137 22 0.3 500 . . — '  - ......... -
“ 67014.71 68250.34 US138 19 0.5 300 mm
- 67104.62 68264.37 US139 31 0.4 130 -• mm -  - -
67264.78 68262.25 US140 23 0.6 145 — - - •• - -
A
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Sample COORDINATES(LOCAL) Plot (ppb) (ppm) (ppb) Values In ppm unless otherwise stated
Number EASTING NORTHING Number Au -  Afl Te Cu Mo Pb In As Sb Hg Bi w V F Ba
“ 67387.47 68245.42 US141 10 0.6 200 — * • — - mm mm . .
€7514.77 68242.53 US142 IS 0.6 400 • * mm mm »*
67663.5 68226.56 US143 10 0.5 300 • • “ — mm — » .
67756.32 68220.92 US144 200 0.5 400 . . *■ - " . . . .
67864.84 68220.29 US145 14 0.3 200 — — — — * *
67942.02 68212.87 US146 14 0.5 400 " mm mm
68022.1 68212.61 US147 7 0.2 300 — • • -m mm mm
68130.06 68201,17 US148 47 0.3 190 " mm mm mm
68203.92 
65262 93
68212.61 
68031 22
US149 
USl 50
9
33
0.1 
0 3
72 " - - — - mm " "
65455.68 68039.49 US151 6 0.2 650 ##.
----------------------
■ „
65720.89 68045,99 USl 52 12 0.5 580 — I» mm
65928.07 68054.87 USl 53 45 0.5 750 * * — - - - - mm
66215.92 68049.47 USl 54 10 0,3 33 - • — mm mm mm ■ 7 ...
66372.67 68034.18 USl 55 17 0.4 110 - • - — - mm mm
65136.34 67712.95 USl 56 14 — 200 — " — - mm mm . . __
65262.77 67704.87 USl 57 20 0.6 300 « — — - . . mm mm M
65436.95 67703.37 USl 58 — <1.0 1300 — • • - - mm mm
- - 65675.14 67698.23 USl 59 67 1.8 2700 — - - mm mm
65888.21 67699.42 USl 60 12 0.5 500 - - * - mm mm mm
66165.74 67699.75 US161 46 0.4 600 — — * * m. mm
66343.06 67694.21 USl 62 39 0.7 1020 " • - • • mm
" 66523.93 67684.61 USl 63 17 0.7 700 • • • • mm
66580.38 67683.87 USl 64 49 0.3 100 - - " mm
66691.89 67696.01 USl 65 73 0.6 900 «
" 66810.46 67697.65 USl 66 IS 0.8 500 • • — „
66914.76 67709.48 USl 67 39 0.8 800 ' * . .
67011.23 67707.01 USl 68 30 0.8 900 — - - - —
67127.74 67705.07 USl 69 4 0.8 36 mm
- 67250.71 67706.65 USl 70 6 0.1 54 « - - « mm 7 -
— 67355.89 67697.65 USl 71 10 0.2 115 " * * _
67480.51 67702.41 USl 72 3 0.3 32 — * - mm „ ' “ " " 7
67587.46 67703.8 USl 73 5 0.4 95 — - - M „
67683.26 67710.14 USl 74 6 0.4 32 " — « mm
67792.52 67705.5 USl 75 7 0.3 31 — mm mm
67906.65 67705.59 USl 76 7 0.3 11 — mm mm mm
— 68023.17 67704.05 USl 77 4 _ j 0.4 85 — - m- .......... ---------------------- ■" -----------------
66474.22 67628.81 USl 78 — 0.1 650 * • mm ---------------------- ---------- ~ — — _ —  _
66513.09 67630.3 USl 79 80 - 550 « mm • ........... --------------. „ ----------------------
66588.81 67632.5 USl 80 31 0.5 1100 — -- mm -  -------------- -----------
66702.92 67631.39 USl 81 34 0.5 1100 — — m. ..... :: -  --------- --------------------- — —  -
“ 66817.06 67631.49 USl 82 42 0.5 700 «— . . mm — '— -------------
66904.34 67630.34 USl 83 24 0.1 1000 — mm ----- - -------- ------- -  ' -------
... 67004.1 67633.42 USl 84 33 <0.1 110 — mm ------------- ' -------- ——  ■ - —
— 67129.39 67629.37 USl 85 4 <0.1 80 mm mm mm -------- ■ — -  -  -
67257.7 67639.68 USl 86 6 <0.1 42 mm mm mm . 7 ---- ----- -  —
67360.48 67631.12 USl 87 380 <0.1 300 - mm mm — --------------- ---- ----
67478.57 67627.96 USl 88 4 <0.1 220 — mm mm -----  - i
_____ ..............1 —
- n Jai
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Sample
Number
COORDINATESdOCAl)
EASTING
67601.2
67686.45
67789.81
67907.16
NCmTHING
67633.55
67630.02
67632.66
68024.97
67915.59
65054.9
65154.4
65249.54
65339.06
65427.01
65528.04
65627.15
65737.92
65833.48
65937.81
66034.42
66128.5
66205.15
66317.45
66406.14
66504.5
66560.06
64971.87
65158.2
65254.85
65354.05
65449.61
65537.5
65632.17
65742.96
65842.12
65941.62
66042.73
66139.09
66247.87
66354.1
66446.48
66518.77
65067.37
65144.97
65211.64
65300.71
65384.73
65461.43
67633.51
67638.36
67477.63
66652.9
66649.93
66649.82
66648.97
66649.33
66640.7
66638.54
66642.32
66644.23
66644.43
66634.23
66645.83
66637.84
66635.55
66631.07
66633.76
66633.63
66079.38
66084.05
66076.27
66082.57
66084.48
66080.01
66074.26
66080.05
66081.93
66079.36
66077.58
66079.48
66084.49
66076.21
66079.36
66073.83
65527.14
65531.64
65524.14
65518.05
65524.9
65520.94
Plot
Number
USl 89
USl 90
USl 91 
USl 92
USl 93
USl 94
USl 95
USl 96
USl 97
USl 98
USl 99
US200
US201
US202
US203
US204
US205
US206
US207
US208
US209
US210
US211
US212
US213
US214
US215
US216
US217
US218
US219
US220
US221
US222
US223
US224
US22S
US226
US227
US228
US229
US230
US231
US232
US233
US234
US235
US236
(ppb)
Au
<1̂
<1
12
36
46
19
14
13
13
25
31
10
19
10
19
41
41
41
21
(ppm)
Ag
<0.1
<0.1
<0.1
<0.1
<0.1
0.1
0.3
<0.1
0.3
0.2
0.2
0.3
0.2
0.3
0.4
0.5
0.3
0.3
0.5
0.4
0.5
0.3
0.3
<0.1
0.2
<0.1
<0.1
<0.1
< 0.1
0.2
<0.1
<0.1
0.1
< 0.1
<0.1
<0.1
< 0.1
<0.1
< 0.1
<0.1
<0.1
< 0.1
<0.1
(ppb)
Te
200
17
20̂
17
14
19
51
30
100
83
79
400
300
40
300
87
JOO
6 4 '
92
15
61
66
120
41
27
110'
39
58
58
380
85
110
57
13
39
59
160
160
520
240
240
Cu
Values In ppm unless otherwise stated 
Mo I Pb Zn 1 As I Sb T _Hg_ Bi W Ba
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Sample
Number
COORDtNATES(LOCAi)
EASTING
65539.84
65626.97
65718.43
65843.94
65964,25
66058.94
66164.47
66290.4
66381.9
66501.78
65137.6
65135.86
65128.72
65127.42
65126 66
65122.02
65119.14
65118.57
65115.34
65117.76
65113.04
65096.82
65111.2
65109.17
65106.35
65107.26
65109.89
65101.6
65101.02
65101.54
65098.71
65097.61
65090.63
65084.66
65054.88
65047.75
65043.43
65017.88
66512.57
66508.03
66510.89
66516.44
66517.21
66513.6
66515.42
66517.62
66515.96
NORTHING
65526.24
65525.4
65518.08
65517.68
65517.33
65513.2
65513.4
65514.2
65511.31
65507.74
70502.71
70388.61
70261.37
70149.66
70021.14
69795.76
69606.8
69437.82
69330.95
69174.35
68627.83
68246.84
68034.02
67848.65
67603.41
67475.56
67358.17
67229.99
67077.14
66984.78
66844.46
66750.5
66460.18
66222.28
65689.79
65420.85
65290.63
65121.48
69278.46
69164.4
68984.57
68717.81
68584.06
68425.94
68230.51
68111.95
68030.29
Plot
Number
US237
US238
US239
US240
US241
US242
US243
US244
US24S
US246
IIS247
US248
US249
US250
US251
US252
US253
US254
US255
US256
US257
US258
US259
US260
US261
US262
US263
US264
US265
US266
US267
US268
US269
US270
US271
US272
US273
ÜS274
US275
US276
US277
US278
US279
US280
US281
US282
US283
US284
(ppb)
Au
1
24
10
41
18
28
22
41
41
44
30
19
38
25
(ppm)
Ag
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
< 0.1
0.3
<0.1
<0.1
<0.1
0.2
<0.1
0.3
0.4
0.4
0.6
0.4
0.1
<0.1
< 0.1
<0.1
<0.1
0.3
0.4
<0.1
0.3
0.1
0.1
0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
0.3
0.2
0.3
<0.1
0.5
0.6
0.7
0.6
0.5
iP R bJ.
Te
80
280
140
120
20
22
17
20
12
72
260
300
60
380
480
46
141
900
500
300
260
200
100
200
300
100
60
14
61
120
85
17
25
23
17
51
300
300
300
400
900
590
400
400
Cu
Values In ppm unless otherwise stated
Mo Pb Zn As Sb J S L Bi Ba
' nJ
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Sample
Number
COOROINATES(LOCAl) 
EASTING 1"  NORTHING
66SÎ7.54 "67554.56
Plot Values in ppm unless otherwise stated 
Mo I  Pb ' T  Zn AsNumber
US28S
ÜS286
Au
0.3 300
66514.11 67461.3 0.1 440
66514.21 67309.94 US287 0.7 700
66477.96 67296.01 550
66506.87 67248.37 US289 2.0 640
67168.16 US290 580
66477.83 67130.23 US291 <0.1 180
66509.68 67117.4 <0.1
66510.46 67010.87 <0.1 120
66508.36 66896.28 US294 <0.1 180
66504.64 66748.3 ES295 <0.1
60100.82 0.1 1000
60460.77 68640.5 ES297 0,1
0.2
200
60757.5 68617.49 ES298 100
61087.23 68648.21 ES299 0.1 400
61400.77 68660.93 ES300 0.2 400
61664.16 68658.41 ES301 0.3 300
40060119.94 ES302 0.1
ES303 0.2 500
68361.32 ES304 0.3 400
61101.5 68363.33 ES305 0.1 200
61373,3 68361.94 ES306 0.3 100
61649.09 66359.29 ES307 0.1 400
60118.75 68035.99 ES308 0.1 400
60411.92 68016.24 ES309
ES310
0.2 200
60748.6 68025.52 0.1 400
61020.09 ES311 0.1 100
61346.38 68041.16 ES312 0.1 300
61644.55 68038.3 ES313
ES314
0.1 100
60095.63 0.2 300
60411.49 ES315
ES316
0.3 100
60753.99 67733.07 0.1 400
61006.85 67718.14 ES317 100
67724.91 ES318 0.1 200
61656.5 67725,62 0.2 300
66497.22
66801.09
64704.39 ES320 0.1 700
64711.16 ES321 0.1 300
64698.2667094.74 ES322 200
67392.55 64699.03 ES323 300
67749.94 ES324 200
67965.33
66496.21
64695.96
64412
ES32S 0.1 300
ES326 0.1 600
66825.11 64405,62 ES327 0.1 200
67064,53 ES328 500
67382.81 64377.69 £5329 0.1 400
67774.05 64369.5 ES330 0.1 300
68004.77
66495.53
ES331
ES332
0.1 200
64147.84 0.1 200
00
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